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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 


cover a wide selection of specialised scientific apparatus. 


ELECTRON MICROSCOPE TYPE EM6. A high resolution instrument 
embracing all the latest advances in electron optics. Magnification continuously 


variable up to x100,000, Resolution better than 15 Angstrom Units. 





Information on crystal structure, particle size and shape. Illustration shows 
diffraction pattern of zinc oxide smoke superimposed on its electron micrograph. 
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Let us look into your problem. 
Experts of our Advisory Service can 
almost certainly help you with prob- 
lems of scientific investigation in any 
of the fields mentioned below. 
ELECTRON MICROSCOPY 

MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 

MATERIALS IRRADIATION 
HIGH VACUUM ENGINEERING 
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Scientific groundwork in Pyrex 














‘GRIP-SEAL’ 
interchangeable 
ground glass joints 


precision-ground to close-limit 
tolerances meeting BSI recommendations 


heavy wall, robust moulded section, 
extra tough clamping area 


anti-chip, fire-polished ends 
wide adaptability 


and the chemical-mechanical-thermal 
stability of all PYREX glass! 


@ Ask for a catalogue from 





PYREX 


Regd. Trade Mork BRAND 


—or, to be precise, scientific 
ground glass work. A craftsman’s 
job, this. Assemblies of scientific 
apparatus, like chains, are at the 
mercy of their weakest link: 

the joint that won’t join, maybe, 
or the stopper that won’t stop. 
PYREX have been making 
apparatus for years. They know 
you can’t get interchangeability, 
quick assembly, quick dismantling 
and long life without the 
precision of real craftsmanship. 
Pyrex are always improving their 
production methods to attain even 
higher standards of quality. This 
is one good reason (among many) 
why everyone who is looking for 
quality glassware looks for Pyrex. 








Laboratory 
and scientific 
glass 


INDUSTRIAL SALES DIVISION JAMES A JOBLING & CO LTD Wear Glass Works Sunderland 








How and why... 


does the absorptiometer benefit you? 

It tests the quality of your beer, 

and determines the vitamins in your food. 
Do you drink milk? 

The chances are that it was tested 

for purity with an absorptiometer. 


It is used to analyse drugs and detergents, 


to diagnose disease, and detect water pollution. 


In these, and countless other ways, 


the absorptiometer benefits you. 


«| The illustration shows a Biochem, one of the Hilger 

absorptiometers. It is specially designed for rapid and 
simple analysis of biological and chemical samples. 
The Biochem is an inexpensive instrument which is 
ideal for routine analytical work. 


HILGER « WATTS ip 





98 ST PANCRAS WAY, LONDON, NWI 





VACUUM METALLURGY 


} lb. EXPERIMENTAL VACUUM FURNACE FOR 
MELTING, CASTING, ANNEALING, SINTERING 


* Vacuum metals possess 
greater density with the 
elimination of gas evolu- 
tion. 


* Complete alloying — no 
formation of gas-metal 
compounds, 


* Lew solution gas content. 


* Controlled alloy content by 
preventing the formation 
of oxides and nitrides dur- 
ing melting cycle. 


* Greater purity due to 
absence of inclusions. 





EDWARDS HIGH VACUUM LTD 


MANOR ROYAL, CRAWLEY, SUSSEX 
CRAWLEY 1500 (10 LINES) EDCOHIVAC, CRAWLEY 





UNIVERSITY 
CORRESPONDENCE COLLEGE 


London University 


B.Sc. Degree 


This Degree may be obtained by examination without 
residence or attendance at lectures. U.C.C. prepares for 
Entrance requirements (General Certificate of Education), 
and the Degree exam. Courses are also provided for 
B.Sc.(Econ.), B.A., and various other London University 
External Degrees. The College isan Educational Trust with 
a staff of highly qualified Tutors, and in the last 70 years 
has enabled many thousands of students to graduate or to 
pass the necessary exams. for Professional or other careers. 


% PROSPECTUS free on request to the Registrar, 
48 BURLINGTON HOUSE, CAMBRIDGE 
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What ts Do on the Norfolk Broads 


All the information required for a Broadland holiday, 
comprising: charts, tide-tables, moorings, shopping 
and sightseeing guides, distance tables, angling, sailing 
and cruising notes, etc. 


- 


Price 2s. 6d. (postage 9d.) 
3 JARROLD & SONS LTD, NORWICH 
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Heat Exchanger for Bradwell Nuclear 
Power Station. A general view of the 
heat exchanger or boiler as it is lifted 
by the giant crane on to its base before 
being hoisted into position beside the 
reactor. The boiler weighs 200 tons, is 
over 90 ft. long, and has a diameter 
varying between 19 and 20 ft. 
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....the unerring laws 










“* Chemical science during the last quarter of a century has made 
such extended progress that our arts and manufactures assume 
altogether a different aspect. Those chemical arts which formerly 
were rudely conducted by the system termed the ‘rule of thumb’ 
are now methodically organised and arranged in accord- 
ance with the unerring laws of chemistry . . . Hence, not 
only are more accurate and uniform results obtained, 
but success and economy take the place of failure 
and waste.” (Chemical News, 1859, 1, 1). 


Here, in the first number of ‘Chemical News’ 
published nearly a hundred years ago, the event- 
ual development of scientific control of the 
methods and means of production is welcomed 
perhaps a little prematurely; but in thousands 
of industrial laboratories to-day ‘the unerring 
laws of chemistry,’ and B.D.H. reagents, enable 
the conduct of the chemical arts to be successful 
and economical . . . and as civil as you please. 


B.D.H. LABORATORY CHEMICALS 


THE BRITISH DRUG HOUSES LTD. 8.p.H. LABORATORY CHEMICALS GROUP POOLE DORSET 


\heag LOW-VOLTAGE 


POWER UNIT 


This low-voltage power unit has been de- 
signed to meet the needs of science teaching 
in secondary schools and provides an effi- 
cient source of low voltage A.C./D.C. power 
for experimental purposes in science labora- 
tories. The front panel is hinged to expose 
the wiring and component parts for teaching 
and the interlocking isolation switch renders 
the unit ‘dead’ and quite safe to handle. 





The unit has been pro- A full technical specification 
duced to the require- will be sent on request 
ments of the London 
County Council Educa- 
tion Committee and is 
already in use in a large 
number of schools 
throughout the country 
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THE PROGRESS OF SCIENCE 


TRANSPORT CALCULUS 


“It is quite clear that our present system of roads .. . 
is inadequate for the demands which are increasingly 
made upon it. . Both the general public and the 
motorists are crying out for something to be done, and 
we propose to make a real start.” 

MR DAVID LLOYD GEORGE, 1909. 


Today, half a century later, a major road-building, not to 
mention rail-modernisation programme is at last under 
way. There is, however, a growing realisation that this, of 
itself, is not a solution to the nation’s transport difficulties. 
The heart of the matter is to ensure that our transport net- 
work—which itself conditions the development of our 
socio-economic system—promotes the most effective use of 
our national resources. This issue requires the long-range 
view, with a scientific appreciation of the factors and 
choices involved. Here, while sketching the major trends, 
we can do no more than pose crucial questions. 

The outstanding fact is that expansion has been concen- 
trated on road, as against rail transport. Obvious though 
this may seem, many of the best-informed experts in 
Britain have consistently underestimated this trend in 
respect of both private cars and lorries, so that policy has 
continually lagged behind reality. Over the last ten years 
the number of motor vehicles licensed in Britain—today 
nearly 74 million—has approximately doubled. At the 
present rate of growth it may double again within ten years. 
In an expanding economy, this is no fantasy. The number 
of vehicles per inhabitant which Britain is likely to have 
in ten years’ time—one vehicle for about 3-5 persons—is 
a proportion reached long ago in the United States, and to 
which Canada and Australia will shortly attain. The 
import of this for the condition of our roads is quite simply 
that we have not merely to catch up on arrears, but must 
make provision for the future. Meanwhile, Britain has the 
highest traffic density and the most serious traffic problem 
in Europe. 

In striking contrast with Britain’s expenditure on road 
transport and travel of over £2000 million per annum, or 
14% of the national income, is the pattern and dimensions 
of our transport investment. The 1956 Economic Survey 
of Europe, published last summer, comments that Britain 
had relatively the lowest level of such investment in 
Western Europe; apart from being proportionately among 
the lowest investors in railways, we had the dubious dis- 
tinction, despite our traffic problem, of spending per vehicle 
and as a share of the national product, the smallest amount 
on the construction and maintenance of roads. Belatedly, 
investment programmes for new roads—£250 million over 
five years—and railway modernisation—£1500 million over 
fifteen years—have been put in hand. Whether this balance 
is right or the amounts adequate to requirements raises 
further questions. 

Of course we must spend more on roads. Apart from the 
human and economic costs of accidents, there are the even 
greater costs of traffic congestion. Allowing for working- 
time only, we could save £36°5 million per annum for every 
| m.p.h increase in the speed of traffic. Against this— 


ceteris paribus—the costs of delay are likely to increase at 
twice the rate at which the volume of traffic is growing. 
But where should expenditure be concentrated? Analysis 
shows that 1% of the road system carries 25% of the 
traffic. Should not outlay be directed into high-density 
traffic-projects? This certainly accords with the current 
policy of giving priority to new motorways and widening 
certain trunk-roads, where there is a theoretically high 
economic return. But there is another question. Will the 
effect of such measures be to speed up an existing pattern 
of inter-city traffic, eventually leaving the congestion in 
conurbations worse than before? For the cost of build- 
ing in populated areas—the proposed inner ring-road 
around the centre of London is estimated to cost more 
than ten times per kilometre than the projected tunnel 
under Mont Blanc—seems to preclude corresponding 
change. 

Meanwhile, it is difficult to visualise the railways, even 
with a successful modernisation programme, significantly 
altering the picture. In two sectors, they face major reduc- 
tions in revenue. Hitherto fuel—mainly coal—has repre- 
sented half the goods transported, and the changing pattern 
of fuel utilisation will hit the railways hard; so too will the 
inevitable decline, except in highly congested suburban 
areas, in short- and medium-distance passenger-travel. The 
main beneficial consequence of reorganisation is likely to 
be a faster and relatively more economic service for goods 
and passengers between the large cities. 

The question arises: is this the transport system we want, 
and will it meet our needs? Should the road and railway 
programmes have complementary rather than parallel 
aims? How far is the road programme inhibited by factors 
other than financial resources, such as the conflicting 
demands of the housing and building programmes, and the 
claims of agricultural production on land needed for new 
roads and more decentralised building. There is no simple 
answer to the emergent question: which of these invest- 
ments is more efficient? At all events, transport policy can 
only be envisaged in relation to the whole strategy of 
scientific progress. Hitherto, policy-makers have been too 
concerned with limited objectives—how to balance the rail- 
way’s accounts, how to ease the bottlenecks on the roads. 

We concede that to deal with these questions in a scien- 
tific, that is, systematic way, requires much more informa- 
tion than is at present available. Thus to compute the 
economic benefits to the community of a higher degree of 
decentralisation in industry and residence involves complex 
factual case-studies of economic processes and relation- 
ships. For example, there are many distributive functions 
which are over-concentrated, such as vegetable-produce 
in London), with consequential effects on transport. 
The economic gain from the encouragement of centri- 
petal as against centrifugal forces is demonstrable in many 
processes; with the development of atomic power which 
makes fuel supplies geographically more flexible, and the 
greater opportunities now available for the transport 
authorities to vary their freight-charges, this objective may 
be more easily sought. Surely this is a more desirable aim 
than the present strategy of transport investment which, for 











Model of three new buildings. Y-shaped Secretariat. Fluted 
Conference Building (/eft). Small building to house permanent 
delegations to UNESCO (right). 
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(Above) The controversial Picasso mural. 


(Below) The canopy for public entrance to Secretariat building. 





all its short-term dividends, may only promote further con- 
gestion. There is still time before the current investment 
programme advances too far for a scientific reappraisal of 
transport policy in regard to objectives as well as detailed 
projects. 


NEW UNESCO HEADQUARTERS IN PARIS 


International co-operation has been the driving force 
behind the new UNESCO headquarters, now under con- 
struction in Paris. 

The buildings, which will cost more than £3 million 
sterling, cover a site of 74 acres fronting the Place de 
Fontenoy, made available by the French Government. The 
offices themselves are being built, furnished, and equipped 
with materials obtained from member countries of 
UNESCO, and artists of international repute will contri- 
bute to their decoration. 

Work began in April 1955, and it is expected that the 
buildings will be opened to the public on November 3 this 
year in the presence of the Diplomatic Corps and repre- 
sentatives of the seventy-nine member States. 

The headquarters were designed by an international 
panel of architects: Marcel Breuer of the United States, 
Pier Nervi of Italy, and Bernard Zehrfuss of France. They 
have admirably accomplished their main tasks, which were 
to design modern office blocks which would harmonise 
with the predominantly 18th-century atmosphere of their 
surroundings, and to round off the long vista which sweeps 
through the Champ de Mars to the Palais de Chaillot on 
the Right Bank. 

The headquarters comprise three main units: a Y-shaped, 
seven-storey building walled with glass which will house the 
Secretariat; a low, massive conference building with fluted 
concrete sides, and a copper-sheeted butterfly roof; and a 
smaller, square four-storey building which will be put at the 
disposal of permanent and visiting delegations to UNESCO. 
The Secretariat and conference building are connected by 
a passage lighted with narrow, rectangular windows—the 
“Salle des Pas Perdus”, or Lobby. 

The Y-shaped Secretariat was designed to complement 
and utilise to the full the semicircular Place de Fontenoy, 
which it fronts. It has sides of unequal length: 485 ft., 
445 ft., and 405 ft. Though only seven storeys high, it will 
house 600 offices, each with large windows sliding on steel 
bearings, and a view over Paris. Transparent black screens 
on sections of the facade will filter the sun’s rays, and the 
walls are faced with Italian travertine. The seventh floor 
will be given over to a restaurant and self-service cafeteria, 
and the kitchen will be the most modern in Paris. The 
whole building is raised on piloti, and there are 1068 
windows, with a total glass area of 72,981 sq. ft. 

By contrast, the massive conference building is almost 
entirely windowless, and lighting throughout will be pre- 
dominantly artificial. Wall heights are 39 ft., 32 ft., and 
45 ft., and the accordion-pleated concrete roof is covered 
with 20 tons of copper. The two fluted ends of the building 
are left exposed in their natural state, showing the marking 
of the specially built shuttering which forms a pattern of 
its own where the concrete is joined. The other two sides 
are faced with travertine. 

The main conference room will seat 450 delegates and 
300 members of the public. It will be fitted with TV and 
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newsreel booths, and specially equipped cabins for inter- 
pretation in the four official languages of UNESCO. 

The Secretariat and conference building are nearing com- 
pletion; the more modest delegates’ building is still in the 
embryonic stage. It will be 52 ft. high, and will contain 
space for 120 offices. 

A vast basement with an area of 126,000 sq. ft. runs 
under the buildings. It will house a printing-shop, cinema, 
radio, and television studios, workshops, the Press-room, 
a telephone switchboard, central-heating equipment, and 
an emergency electricity plant. 

Austerity in design has been the keynote of the buildings 
themselves, but they will be decorated both inside and out 
with murals in brilliant colours. The mural by Pablo 
Picasso consists of forty wooden panels to be assembled on 
a 28-ft.-high wall in the foyer of the conference building, 
and has become the subject of international controversy 
already. At the Royal Academy dinner this year, the 
President, Sir Charles Wheeler, described it as “eight 
hundred square feet of absurdity”. It shows a group of 
standing and reclining figures, and represents the victory 
of peace and light over evil and death. 

Afro of Italy, Appel of the Netherlands, Matta of Chile, 
and Tamayo of Mexico are working on murals for the 
seventh floor of the Secretariat building. Ceramics by Joan 
Mird of Spain will be exhibited on two walls beside the 
“Salle des Pas Perdus”. A bronze haut-relief has been 
designed by Jean Arp of France for the outer wall of the 
ground-floor library, and in the grounds will be a mobile 
in black steel by Alexander Calder of the United States. 
A giant reclining figure hewn by Henry Moore from traver- 
tine marble will loom near one of the entrances to the 
Secretariat building. 

The landscape artist Isamu Noguchi is now working on 
a Japanese garden which will feature a small stream, 
spanned by a bridge. The Japanese Government has 
shipped 82 tons of stones to Paris for the garden, and will 
also contribute bamboo, plum, and cherry trees. 

Design and decoration have been so planned that the 
whole headquarters will be a synthesis of all that is best 
in 20th-century artistic and architectural expression. Even 
the compulsory outside staircase for use by firemen on the 
Secretariat building has been made an outstanding archi- 
tectural feature, rather than an unpleasant and defacing 
necessity. 

Costs have been kept down by gifts from member- 
governments: eight countries have so far undertaken to 
decorate and furnish the committee-rooms; the executive 
board-room will be a gift from the International Council 
of the Museum of Modern Art in New York on behalf of 
the American people; the library design and furnishings are 
a gift from Sweden, and those of the Press-room from the 
Netherlands. 

Contracts for actual work on the buildings were let out 
to firms in the United Kingdom, America, Belgium, France, 
Germany, Czechoslovakia, Italy, Norway, Switzerland, and 
the Netherlands. About 46,000 tons of concrete and 1300 
tons of travertine were used in the construction. 

Personnel and office equipment will be moved from the 
present UNESCO headquarters on Avenue Kleber during 
the coming summer, and the staggered removal is expected 
to be completed before September. 


The compulsory outside stairway for use by firemen has been made 
into a decorative feature of the Secretariat building. 


(Above) Interior of the Lobby connecting the Secretariat and 
Conference buildings. 


(Below) South-west view of Secretariat and Conference buildings. 


(Photographs by courtesy of UNESCO) 
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AUGUST 1958 DISCOVERY 


G. A. BORELLI (1608-79) AND 

E. TORRICELLI (1608-47) 

The great Galileo had two pupils who were contemporaries, 
and were born 350 years ago: Giovanni Alfonso Borelli 
(1608-79), and Evangelista Torricelli (1608-47), perhaps 
the better known, from the “Torricellian Vacuum”. Both 
applied the master’s mathematical-physical methods and 
ideas to other fields of science. 

Torricelli-was born at Faenza into a distinguished family 
and went to Rome in 1628 to study under Castelli, a close 
friend of Galileo. Naturally, Torricelli was much stimu- 
lated by the latter’s ideas and particularly by the famous 
“Discourses on Two New Sciences” (1638). This led to his 
own work on mechanics, with the aim of proving some of 
the laws of motion as formulated by Galileo. It led to his 
working with him and, with Viviani, assisting the old man 
during his last five years of total blindness before his death 
in 1642. 

Galileo remarked on the well-known fact that water will 
rise no more than about 32 ft. in the shaft of a pump, and 
Torricelli was led to measure the similar height for columns 
of mercury in closed tubes. In 1643, with Viviani, he found 
that the height was about a fourteenth of that of the water 
column. The empty space above this became known as the 
“Torricellian Vacuum”. He believed that the columns were 
balanced by atmospheric pressure, and careful observation 
revealed that its height varied from day to day. The further 
work of Pascal and Guericke was necessary before Torri- 
celli’s ideas were accepted in place of the traditional horror 
vacui-——Nature’s abhorrence of a vacuum—but it was his 
work which first made known the nature of atmospheric 
pressure. 

Torricelli also worked on optical problems: he demon- 
strated the -use of tiny glass spheres as microscopes, con- 
structed improved telescopes, and showed that light was 
transmitted through the vacuum. He made some studies in 
pure mathematics, and on the motion of projectiles, and his 
work (1644) in establishing the dynamics of liquids was 
comparable in fundamental importance with that of Galileo 
on the dynamics of solids. 

Much of the position and authority of Galileo passed on 
his death to Torricelli, whose work became widely known, 
and was in later years studied by the Royal Society along- 
side that of his master. The influence of both was exerted 
through their joint pupils, the Medici brothers, and the 
Accademia del Cimento which they created (see Discovery, 
1957, vol. 18, no. 8, pp. 323-4). 

Borelli was born at Naples, where his father was in the 
service of Spain. Showing marked abilities at mathematics 
at an early age, he was sent to Pisa where he came under 
Galileo’s influence. In 1649 he went south again, becoming 
Professor at Messina until 1656 when he returned to Pisa at 
the invitation of the Duke of Tuscany. About this time he 
met Malpighi, who aroused his interest in physiology. A 
year later he went to Florence where he became by far the 
most distinguished member of the Academy. 

There he made many experiments on air pressure, par- 
ticularly in relation to breathing, and also on the pendulum 
and on capillarity. For example, he showed that the height 
of capillary rise was inversely proportional to the diameter 
of the tube. He also made measurements with Viviani on 
the velocity of sound. But perhaps the most important work 
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of Borelli during this period was his book “Theorice 
Mediceorum Planetarum” (1666). This has been charac- 
terised as “one of the closest forerunners of Newton” and 
was of considerable importance in the development of the 
concept of gravitation. Borelli built on the ideas of Kepler 
and Descartes in attempting to give a complete mathe- 
matical mechanical system of the universe. 

Induced by an offer of higher salary, Borelli returned to 
Messina in 1668 but six years later he became involved in 
an abortive rising against the Spanish rule in Sicily. He had 
to flee and escaped to Rome, a ruined man. Here he was 
employed by ex-Queen Christina of Sweden as her private 
physician. She helped him financially but when he was again 
ruined, apparently through a subordinate’s dishonesty, he 
had to take refuge in a monastery where he died in 1679. 

His posthumous publication, “De motu animalium”, 
marked a great advance in physiology and establishes 
Borelli’s position as one of the pioneers of modern biology. 
He took Galileo’s work in the physical sciences as his 
model and attempted to explain limb movements, and the 
mechanics of the skeletal and muscular systems in terms of 
mechanical principles and concepts such as weights and 
levers. He considered human movements such as walking, 
running, and jumping, and also dealt with the flight of 
birds, the creeping of insects, and the swimming of fishes. 
(In discussing swimming he made suggestions for a diver’s 
dress and for a submarine vessel.) 

On a basis of this work, Borelli is usually considered one 
of the main exponents of the school of iatrophysicists, who 
sought to explain life processes in terms of physics. Thus, 
digestion was considered a purely physical action of the 
stomach, breathing an expansion of the bronchial tubes, 
nervous action a form of oscillation, and so on. These 
explanations were contrary to those of ‘the iatrochemists, 
Van Helmont, for example, who explained life as a series 
of chemical processes. But Borelli realised that the con- 
tractions and swellings of the muscles themselves could not 
be considered in purely mechanical terms, but must also 
involve complex chemical processes. He envisaged some 
kind of “fermentation” taking place when fluid, the succus 
nerveus, from the nerves mingled with blood contained in 
the muscles. 

Borelli’s work in physiology was thus of considerable 
importance and influence: the great Dutch clinical teacher 
Boerhaave, advocated the reading of “De motu animalium” 
by every doctor. “Borelli was above all a mechanician and 
his greatness lies in his having created experimental biology 
operating with purely mechanical forces. .. . His work 
stands out as the first to apply all through the fundamental 
principles on which modern biology is based.” 


AN EXTENSION OF MYSTERY 


Thanks to an unknown human who lit a fire at the bottom 
of a two-mile-long defensive ditch, cut in rock, the anti- 
quity of Easter Island has extended back to the 4th cen- 
tury A.D. This is perhaps the most sensational of. many 
discoveries achieved by Thor Heyerdahl’s expedition, 
reported in his popular book “Aku-Aku”.* He has also 
established that the great stone burial platforms have a long 
history in which the earliest work is the best in quality. It 


**Aku-Aku: the Mystery of Easter Island”, by Thor Heyerdahl. 
(London, George Allen & Unwin, 1958, 367 pp., 21s.). 
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(By courtesy of Mr T. Heyerdaht and Messrs Allen & Unwin Lid) 
Easter Island: the Atan family re-erecting one of the large statues, under the supervision of the Mayor of the island; he 
explained that he learned the technique from his ancestors. 
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belongs to a period before the famous great stone statues 
were carved. However, this finer masonry is associated 
with other large statues of a type newly discovered by 
excavation. Heyerdahl rightly compares this masonry with 
classical Inca work (it is of course equally like Greek 
cyclopean masonry). However, it seems that it may be as 
old as the defensive ditch and so centuries earlier than the 
Inca, and, to Heyerdahl’s delight, contemporary with the 
great statues of Tiahuanaco in Bolivia. But this early cul- 
ture on the island is so far as we know very specialised. 
From the other side of the Pacific Prof. Gifford has found 
in Fiji a pottery-making culture which has been carbon 
dated at the 4th century B.c., and there are much earlier 
dates from the Melanesian islands. How this all links up 
is still to be seen. The Heyerdahl method of going per- 
sonally to find out is undoubtedly the right one. 

Among the great stone figures of men with extended ears, 
who were once adorned with top-knots symbolised by red 
stone crowns, some have been dated. Fires among the 
quarrymen’s waste heaps yield carbon dates of the 11th 
century. These dates are paralleled by Heyerdahl from 
the Marquesas, by the Bishop Museum for Hawaii, by 
Duff from the Moa Hunter cultures of New Zealand. This 
was the great age of Polynesian migration. In Peru it saw 
the foundation of the Inca state. It may be that the long- 
ears were Polynesian after all, but Heyerdahl thinks of 
them as descendants of the earlier culture of the island. 

However that may be, the descendant of the last of the 
long-eared nobles is Don Pedro Atan, Mayor of the island. 
The Atan family combined to show Heyerdahl the tradi- 
tional ways of making and moving giant statues. Common 
sense was the main ingredient, though they commenced 
with a ritual chant and offerings to the spirits of the 


ancestors, as honest descendants should. A statue was 
partially carved with stone hand-picks. These were 
sharpened by a simple rough flaking process as they 
blunted. The transport was by dragging with ropes. The 
Atans added to the other traditions of stones and taro mash 
as lubricants, a kind of skid of triangular toro-miro 
branches. After a feast a group of islanders with ropes 
moved the test statue a thousand yards with ease. 

A statue was selected for re-erection, and the Atan family 
used levers to rock it as they gradually packed stones under- 
neath. When they had built up the packing to the right 
height, the statue was levered along until it tilted and 
slipped neatly into position. In this last stage it was guided 
by ropes. Heyerdahl lent the workers long spars to use as 
levers; but Captain Cook reports that the toro-miro trees 
on the island in his day were never over 7 ft. tall. How- 
ever, only thirty years ago delicate marbles of great weight 
were moved by the British Museum stonemasons in exactly 
this way, only using timbers as a packing instead of stones. 
The levers were 5 ft. long. So there is every reason to 
agree that the Easter Islanders could have used more men, 
and 5 ft. levers of the tough toro-miro, to do the job in 
ancient times. 

There was another discovery of scientific importance in 
the little solar observatory at the sacred village of Orongo. 
This was checked against the solstices and found quite 
accurate. 

The aku-aku after whom the book is named are the lares 
of the Easter Islanders, presented in the form of strange 
stone carvings kept in quite terrifying caves. Some are 
of modern make, some more ancient, and they include 
masted boats and crocodiles among their forms. They are 
intriguing things, and, for that matter, so is the whole book. 
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PALEONTOLOGICAL DISCOVERY IN 
PANAMA 

Dr C. Lewis Gazin, Curator of Vertebrate Paleontology at 
the Smithsonian Institution (Washington, D.C., U.S.A.) 
has collected remains of several Eremotheria in western 
Panama. The Eremotherium, a gigantic sloth from the 
Pleistocene Age, walked on all-fours but sat upright, 
propped up by its heavy tail while feeding on the leaves of 
trees. It was one of the largest animals the world has 
known, and also one of the clumsiest and most sluggish. 

In a recent annual report of the Smithsonian Insti- 
tution Dr Gazin describes the animal as “creature of 
[truly] tremendous bulk. It may be compared in size 
with a mammoth or mastodon, but with rather striking 
differences in form and relative proportions. The length of 
the animal’s body, for example, was much greater than that 
of the American mastodon, with a very much smaller head, 
a longer neck, and a long and massive tail. The length of 
the vertebral column in a particularly large individual 
measured over 16 ft. 

“The hindquarters were particularly robust. This is 
shown by the striking increase in the size of the vertebrae 
from the neck back to the sacrum. The hind limbs, although 
a little shorter than those of the average mastodon, were of 
much greater width. The femur, for example, while nearly 
a yard in length, is a few inches shorter than in the masto- 
don, but is more than twice the width across the distal 
portion. 

“The skull is about 2 ft. long, with a comparatively 
slender snout. The animal had no tusks, but there are five 
long crowned teeth above and four below, averaging about 
14 in. in diameter. Eremotherium possessed long, power- 
ful claws. In locomotion the forefoot carried its weight on 
the knuckles with the palm and claws turned inward. The 
hind foot was turned so that . . . the weight was carried on 
the outer side of the foot. The length of the hind foot in 
one animal, from the bony core of the claw to the heel, 
measured 36 in., possibly the greatest for any kind of land 
animal.” 

This giant sloth, Dr Gazin says, “probably had no equal 
among animals of great bulk for grotesque unwieldiness 
and sluggishness. It seems impossible that it could have 
survived and evolved in any reasonably competitive atmo- 
sphere or environment. The explanation clearly is that 
together with other edentates (supposedly toothless animals: 
the armadillos, glyptodons, true anteaters, and the some- 
what more closely related, slow-moving tree sloths of 
tropical America) they underwent their principal develop- 
ment and specialisation in South America, [while] isolated 
from the more highly competitive herbivores and especially 
the more aggressive predators, such as the wolves, pumas, 
and sabre-tooth cats of the north.” 


Skeleton for the most part of a single. 

particularly large individual of Ere- 

motherium rusconii (Schaub) from El 

Hatillo, near Pesé in Panama, arranged 
on a table-top 20 ft.x8 ft. 
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At about the beginning of the Ice Age, he says, the 
northern and southern continents became joined by a land 
bridge, probably at or not far from the present isthmus of 
Panama. At that time many of the more progressive 
northern types, such as horse, llama, mastodon, various 
carnivores, and rodents invaded South America. At the 
same time the relatively more primitive South American 
animals (including the ground sloths) made their way north. 
They included opossums and porcupines which still survive. 

The ground sloths, the glyptodons with their turtle-like 
armour, and strange toxodons (somewhat similar to the 
rhinoceros) did not survive to present time. Toxodons did 
not get north of Central America, but certain smaller kinds 
of ground sloths, however, established themselves as far 
north as Pennsylvania and Idaho (U.S.A.). One of these, 
from a cave in West Virgina, was described by Thomas 
Jefferson. 

The giant ground sloths probably never came farther 
north than the southern part of the United States. Some of 
the best-preserved remains were found more than a century 
ago on an island off the coast of Georgia. 

Remains of the gigantic Eremotherium have been found 
at several localities in Panama. They also have been col- 
lected in Venezuela, Ecuador, and Brazil, characterising 
the more tropical portions of both North and South 
America during Pleistocene time. 

















AUGUST 1958 DISCOVERY 


(Left) One of the natives coating the exposed bone surface 
with tissue-paper and an aqueous solution of gum acacia 
before the plaster-of-Paris jacket is applied. The gum acacia 
hardens the surface and the paper prevents the plaster from 
adhering too securely to the bone. 


(Below) The giant sloth, Eremotherium rusconii (Schaub) of 
tropical America. Restoration by Lawrence B. Isham from 
Panamanian materials in the U.S, National Museum. In this 
posture the animal is estimated to be about 12 ft. tall. Much 
of the skeletal anatomy suggests that he frequently assumed 
an upright or sitting position, propped on his tail, which 
formed the third leg of a tripod. Note the very low position 
of the eyes on the side of the head, two claws on the forefoot 
and a single claw on the hind foot. The structure of the feet 
indicates awkward and by no means rapid locomotion. 
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BENESH DANCE NOTATION 


At first glance the siting of the exhibit on Benesh Dance 
Notation in the British section of the Brussels Exhibition 
seems a little odd: it is placed in the science and technology 
pavilion. In fact, however, the Benesh notation has a good 
deal in common with a number of exhibits surrounding it. 
It represents a powerful new technique of recording which 
opens up a new field of study and research—choreology— 
lying on the borderline between art and science. The nota- 
tion was devised for use with dancing, but it is applicable 
to every sort of human movement, and so is of importance 
in a number of fields of science and technology. 

Alone among the arts, ballet has developed without a 
satisfactory notation: this crippled its development, for 
almost all ballets fell into oblivion within a few decades. 
A good many systems of notation have been invented, but 
none have proved fully satisfactory. In fact, dance notation 
stands in much the same relation to writing and music- 
notation as television to sound radio: the problems to be 
solved are far greater. Almost anyone can invent a system 
of dance notation; what seemed impossible was to devise 
one which would give a complete and precise record and 
be at the same time simple, rapid, and economic. Nothing 
less would do if the notation were to work in a ballet com- 
pany under exacting professional conditions. 

Like a good many other remarkable inventions, the 
Benesh notation has a basis so simple one wonders why 
no one thought of it before: after the event, it seems the 
obvious solution. The Beneshes imagined a dancer, seen 
from behind, with arms and legs straight, standing against 
a wall on which were painted the five lines of the musical 
stave. Horizontal marks record the positions of the 
extremities, where these touch the “wall”. If arms or legs 
are bent, positions of elbows or knees are shown by crosses. 
If a limb extends away from the “wall” into the third 
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This dance attitude is based on the classical 
statue of Mercury. 


(Reproduced from ‘“Benesh Dance Notation’, Rudolf & 
Joan Benesh, A. & C. Black Ltd, by courtesy of the 
authors and publishers) 


Grande Battement a la Seconde. 


dimension, this is indicated by changes in the marks (which 
now indicate projections on to the plane of the “wall”); the 
mark for hand or foot becomes a vertical mark if there is 
extension to the front, and a dot if there is extension to the 
back, while the crosses for bent elbow or knee change in 
a corresponding way. The path of movement through space 
is shown by movement lines—something new and vitally 
important in dance notation. (They provide extreme 
economy of writing by summarising an infinite number of 
position symbols, and facilitate the recording of even the 
most novel and complex movements.) 

The Beneshes reached this point fairly early, but they 
found that many years of hard work were needed to 
provide for such matters as movements of the head and 
eyes, the place of the dancer on the stage, direction of 
facing and direction of movement, pas de deux work (in 
which the ballerina is supported by her partner), and 
scoring for groups. 

Of the various branches of choreology, two have special 
importance. One is the comparative analysis of the in- 
numerable types and variants of traditional dances. The 
other is the analysis of the great ballets of the repertoire: 
this is urgent and essential to provide the basis for the 
choreographic equivalent of all those subjects taught to 
young musicians (harmony, counterpoint, structure, history 
of music, etc.). Already a beginning has been made with 
the analysis of Petrushka, which Joan Benesh recorded 
when it was revived for the Royal Ballet last year: she 
found a large number of hidden beauties in Fokine’s 
choreography for this masterpiece, particularly in his subtle 
use of polychory (choreographic counterpoint). This is 
exactly the sort of knowledge needed by young choreo- 
graphers if they are to master their craft and make the most 
of their talents: without it, they are like research scientists 
deprived of access to the relevant literature. 


~~ 














General views showing 
work in progress on 
the new power-station. 
(Right) Reactors as 
seen from the scaffold- 
ing around the crane; 
(below) some of the 
reactor stocks under 
construction. 


The 185-ft. Goliath crane is now in use on the construction of the 
nuclear power station at Bradwell-on-Sea, Essex. The first of the 
twelve heat-exchangers for the power-station was recently floated 
down to Bradwell and lifted into position by the crane (see front 
cover). The new station is expected to be able to produce 300 
megawatts by December 1960, thus saving a million tons of coal 


a year. 
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SUPERNOVAE DISCOVERED BY CHINESE 


Supernovae, stars that suddenly flare up to more than 100 
million times their previous brightness, may be much more 
frequent phenomena than previously has been supposed. 

There possibly were eleven such events in the 100 billion 
star Milky Way galaxy, of which the solar system is a part, 
between A.D. 1006 and 1572, according to a compilation of 
ancient Chinese astronomical records as analysed by Dr Hsi 
Tze-tsung, of the Commission on the History of Chinese 
Natural Sciences of Peking, of which a translation has 
recently been published by the Astrophysical Observatory 
of the Smithsonian Institution. 

The only such appearances recorded by western astro- 
nomers were in 1572 and in 1604. The former was des- 
cribed by the Danish astronomer Tycho Brahe—a star 
which suddenly became brighter than the planet Venus and 
could be seen easily in the daytime. Thirty-odd super- 
novae have been observed by astronomers in other stellar 
systems—such as the great spiral nebula in the constella- 
tion of Andromeda which is about equivalent in size to the 
Milky Way system. Estimates of Carnegie Institution of 
Washington astronomers have been that one such titanic 
explosion can be expected in each galaxy once in several 
centuries. 

Chinese records of celestial events go back much further 
than Western records. 

Dr Hsi Tze-tsung finds observations of approximately 
ninety novae, or “guest stars” in the Chinese terminology, 
in the records up to about a.p. 1700. He rejects several 
reports which apparently referred to exceptionally bright 
comets. 

All but eleven of these ninety stars, he believes, can be 
regarded as ordinary novae, stars which suddenly explode 
to about a million times their previous brightness and sub- 
side after a few weeks. Ten or twenty occur in the Milky 
Way system every year, though not all are recorded. 

Such an outburst is a relatively feeble phenomenon com- 
pared to a supernovae, and certainly occurs much more 
often. 

Dr Hsi Tze-tsung has made a careful check of the 
locations of novae recorded by the ancient Chinese 
astronomers. He found that a few seemed to recur every 
few hundred years, thus adding to the list of known 
“recurrent novae”, stars that undergo outbursts at irregular 
intervals. 


THE EAST AFRICAN INDUSTRIAL 
RESEARCH ORGANISATION 
The newest industrial research laboratory in the Common- 
wealth was officially opened earlier this year in Nairobi. 
Housed in a handsome and well-equipped block of buildings 
in the Light Industrial Area, it carries on work started 
during the war, chiefly in the search for raw materials to 
replace those previously imported. In 1948, the East 
African Research Board came under the administration of 
the East African High Commission, which is responsible 
for the new laboratory, whose director is Dr H. B. Stent. 
The main block consists of a corridor 205 ft. long, at 
right angles to which are laboratories, each 75 ft. x 15 ft. 
They are styled: Sample Projection Room, Industrial 
Laboratory, Analytical Laboratory, Physical Instrument 
Room, Fuel Technology Laboratory, and Organic Chemical 
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An African ceramics assistant finishes some porcelain bowls 
made at the ceramics section of the East Africa Industrial 
Research Organisation. 


Laboratory. On the opposite side of the corridor are the 
ancillary offices, such as the Balance Room, Dark Room, 
Chromatography Room, Washing-up Room, Chemical 
Store, Offices, and a small laboratory for the Director. 
Adjacent to the office block is a Workshop, a covered-way 
housing heavy plant and machinery, a Pilot Laboratory, 
and a Ceramics Laboratory. 

A separate Metallurgical Laboratory is situated at 
Entebbe, adjacent to the laboratories of the Uganda Geo- 
logical Survey Department. 

The duties of the organisation are, firstly, to study the 
possibilities .of establishing new industries in East Africa 
and, secondly, to provide a technical advisory service which 
can assist industries already. established in solving their 
problems and increasing their efficiency. The present staff 
is small, consisting of ten qualified scientists with support- 
ing staff. The scientists include four specialists: a ceramic 
expert, a fuel technologist, a drying engineer, and a process 
metallurgist, the remainder being chemists. 

Among some of the recent work of the organisation, 
three examples from the chemical section may be men- 
tioned. A process has been worked out for converting to 
fertiliser a deposit of rock phosphate, discovered in 














Uganda, which was too impure for conversion into super- 
phosphate. When the chemists of the National Institute 
for Medical Research discovered that sisal waste contained 
small quantities of hecogenin, which might be used as a 
raw material for cortisone, a process was developed for 
extracting it in these laboratories. A new process has been 
developed for the extraction of pyrethrum from undried 
flowers. 

In the Fuel Technology and Chemical Engineering 
Section, an improved oil-burner has been designed for the 
starting up of East Africa Railway locomotives, which is 
likely to produce a substantial saving in fuel costs. A 
research project has been started to study supercharging in 
tractors and other vehicles to overcome the substantial loss 
of power they suffer when operating at the high altitudes 
to be found in East Africa. A Fuel Efficiency Advisory 
Service is also provided for industry. 

The Ceramic Section provides an advisory service to 
potential producers of building bricks, tiles, and glazed 
pipes, and investigates the suitability of clays. Investigation 
is proceeding to provide a blueprint for a small factory, 
which could be run by Africans, to produce a simple and 
durable type of glazed pottery similar to that produced for 
popular use in the Far East. A recent development has 
been a special type of fire-brick for locomotive fire-boxes. 
The technical problems of the production of kyanite, used 
in the preparation of refractories, are being studied. 

In the Drying Engineering Section, a major investigation 
is on hand to study the drying of coffee by artificial means 
and to find means of avoiding the spoilage usually asso- 
ciated with mechanical drying. The investigation has 
proceeded to a point when it is possible to predict what 
damage may result from the varied operations involved in 
mechanical drying of coffee and to make a recommendation 
as to how it can be lessened, if not entirely avoided. This 
specialised knowledge is also available for application to 
the drying of local crops such as groundnuts, grain, and 
pyrethrum. 

The organisation maintains contact with the larger 
research organisations overseas, to which reference can be 
made for the solution of problems outside the scope and 
experience of its own staff. 


SHIPPING BECOMES INTERNATIONAL— 
THEN SPACE? 


The announcement of the Japanese Government that it 
intends shortly to ratify the convention of the International 
Maritime Consultative Organisation (IMCO) means, in 
effect, that once again a sufficient number of governments 
has realised that they must get together and handle their 
affairs at an international level if they want them to function 
efficiently. In the present instance, they have taken ten 
years to come to this point, for the convention of IMCO 
was drafted and approved at Geneva just ten years ago: it 
was in March 1948 that twenty-seven nations signed the 
final act of the International Maritime Conference in that 
city. It has taken these ten years for the necessary twenty- 
one of those governments to make up their minds to imple- 
ment their decision; now that they have done so, it is 
probably safe to conclude that others will follow suit. 
Meanwhile, the UN family, whose activities come to 
mean more and more in our lives, acquires another 
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specialised agency, equivalent in form and function to 
WHO (World Health Organisation), FAO (Food and Agri- 
culture Organisation), and the rest, but more particularly to 
ICAO (International Civil Aviation Organisation), with 
whom the newcomer has the closest parallels. Indeed, it is 
probably, in part at least, the success of this junior but none 
the less most valuable member of the family that has spurred 
governments to ratify the IMCO convention. Another even 
more important incentive has been, as The Times pointed 
out recently, the economic recession in the shipping indus- 
try, although it must be admitted that many shipowners 
have themselves opposed the formation of the new body. 
Indeed, The Times went so far as to quote the U.K. 
Chamber of Shipping as saying that IMCO would, 
“experience suggests, be ineffective at best and at worst a 
forum for irrelevant political debates”. This need dis- 
courage no one, since almost the very same words have 
been and indeed are still being used about UNO itself and 
all the other specialised agencies, which none the less con- 
tinue to grow in efficiency and prestige. 

The creation of the new organisation has extra signi- 
ficance for Britain, not only because it will be the first UN 
agency to have its permanent headquarters in London, but 
also because the British Government has long regarded this 
as a special field of interest (in much the same way as the 
U.S.A. regarded FAO in its early days, and as U.S.S.R., 
many would say, regards the new International Atomic 
Energy Agency in Vienna). 

Although officially the new organisation will be of a 
“consultative and advisory nature”, there is little doubt that 
from the first it will be concerned with technical matters, as 
for example when it deals with safety at sea, with the use of 
radar, and with the advent of nuclear propulsion. The last 
of these in particular raises important problems which can 
and indeed must be treated from the start at the highest 
international level. Moreover, if and when IMCO becomes 
eligible for a share of the UN Technical Assistance Fund, 
its importance will enormously increase. Quite apart from 
the rapid strides which can be made in many of the newly 
developing countries with the impetus of UN Technical 
Assistance, it is often forgotten at home that such advances 
are based, in a large proportion of instances, on the pur- 
chase of supplies and equipment from the exporting 
countries. When an expert of a given nationality completes 
an assignment, his advice stems from his experience in his 
own country, or with that country’s equipment. So it is true 
to say that, by and large, “exports follow experts”. This 
gives added importance for a country such as Britain, to 
which many of the developing nations will certainly look 
for gear and equipment as well as advice when IMCO 
starts to operate a technical assistance programme. 

Finally, the formation of yet another agency reaffirms the 
faith of its member nations in the international, as opposed 
to the purely bilateral, way of approaching problems 
between governments. The seas are international; so, we 
believe, is Space. Let us hope that the governments will 
soon get down to the business of creating the International 
Interplanetary Authority, discussed by us in our editorial 
of December last. Once it is set up, it must be a matter of 
months, and not ten long years, before any convention 
dealing with the internationalisation of space, is fully 
ratified and becomes operative. 
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EXPERIMENTAL EMBRYOLOGY AT THE 
COLLEGE DE FRANCE 


JEAN A. A. BENOIT 


Laboratoire d’emdryologie et de tératologie expérimentales, Collége de France, Nogent-sur-Marne 


Twenty-five years ago Prof. Etienne Wolff began his work 
on teratogenesis at the Institut de Zoologie et de Biologie 
générale de la Faculté des Sciences in Strasbourg, the 
original headquarters of the Experimental Embryological 
Laboratory. In October 1955 the laboratory moved to 
the Collége de France in Paris with Prof. Wolff as director. 
The importance of his researches on the experimental pro- 
duction of monsters, teratogenesis, was quickly recognised, 
and soon afterwards he began his study of sexual differen- 
tiation in the embryos of birds. 

It is not easy to choose the date from which to start a 
review of this closely co-ordinated and constantly expand- 
ing body of work. A satisfactory compromise is, perhaps, 
to begin with the method of tissue culture in vitro, which 
marks a new and decisive advance. Earlier research work 
will be recalled when necessary. 


CULTURE IN VITRO OF EMBRYONIC ORGANS 


The pioneer work on the culture of embryos of the 
higher vertebrates (Amniota) in culture media was done 
by Thomson (1914), Maximov (1925), and Strangeways 
(1926). The application of this method was greatly 
extended by H. Fell at Cambridge, and her colleagues, 
while Etienne Wolff and K. Haffen developed a new 
method for the culture of embryonic organs in vitro. This 
technique consists in separating aseptically a fragment of 
the embryo and placing it in‘a culture medium consisting 
of glucose and embryo extract made up with agar jelly. 
The medium is placed at the bottom of a sterile flask, 
which after the explantation, is sealed by a glass stopper 
coated with paraffin. This technique satisfies a number of 
specific requirements. First, it removes the selected organ 
from the influence of the organism as a whole and submits 
it, if required, to new conditions. Secondly, it enables the 
explant to preserve its structural unity instead of disin- 
tegrating into more or less anarchical cellular prolifera- 
tions. It is this which differentiates the in vitro method 
from tissue culture, which is in fact the culture of cells. 
This difference is obtained by diminishing the nutritive 
value of the media. Oxygen is obtained from the air con- 
tained in the flask, and the ambient humidity prevents the 
desiccation of the specimen. 

Thirdly, it allows the organ to survive long enough to 
go through a given stage in development or to react to a 
specific experimental situation. 

Finally, it helps protect the specimen from infections. 
The slightest contamination is fatal at an incubation tem- 
perature of 37-38°C, hence rigorous aseptic precautions 
must be taken during manipulations and during the 
preparation of materials and media. This rigorous though 
simple technique has given excellent results, primarily in 
sexual organogenesis of bird embryos. 


TECHNIQUES FOR SEXUAL 
DIFFERENTIATION OF BIRD EMBRYOS 


At the moment of fertilisation, sex is determined by the 
play of chromosomes: one might call this the genetic sex. 
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However, during nearly a third of its development, the 
embryo has as yet an undifferentiated genital apparatus 
(Fig. 1). The sex glands or gonads contain two regions; a 
medulla which can evolve into a testis, and a cortex which 
can give rise to an ovary; the embryo is in fact a potential 
hermaphrodite. In the same way the genital ducts are 
paired and double in number; one pair, the Wolffian ducts, 
can evolve into the male vasa deferentia, the other, the 
Mullerian ducts, can form the female genital tract. Here 
again there is potential hermaphroditism. 

After this primitive stage, genetically determined sexual 
differentiation comes into play directing the glands and the 
ducts towards either the male or female state. The com- 
ponents of the non-genetic sex either regress or persist in 
vestigial form. Since 1935 Et. Wolff, Ginglinger, and Em. 
Wolff have conducted a series of remarkable experiments 
showing that these embryonic genital glands are subject to 
hormone stimulants. For example, the injection of a crys- 
talline female sex hormone can invert the sexual differen- 
tiation of genetically male embryos, the whole of the 
genital apparatus, glands, and ducts becoming hardly dis- 
tinguishable from the female type. The opposite experi- 
ment had its effect only on the genital ducts. Et. Wolff 
showed later that grafts of testes or of embryonic ovaries 
led to the same results, thus proving that the action of 
gonadal hormones is identical to that of crystalline 
hormones. 

A third step was reached with the castration of duck 
embryos which have a number of neuter early secondary 
sex characteristics. These include the syrinx, the voice- 
producing organ between the trachea and the bifurcation 
of the bronchial tubes; the genital tubercule, forerunner of 
external genital organs, penis or rudimentary clitoris; and 
finally the Mullerian ducts. The absence in these bodily 
organs of any sexual differentiation is correlated with the 
removal of the glands and indicates the role played by 
hormone secretion in normal development.* It will now 
be seen that the results obtained from the culture of organs 
are of decisive importance. 


SEXUAL DIFFERENTIATION BY THE 
CULTURE OF ORGANS 

The sex glands of the duck are non-differentiated when 
removed after some eight or nine days of incubation. If 
the gonads are explanted at this stage, they evolve either 
into testes or into ovaries according to their genetic sex. 
If some crystalline female hormone is included in the 
culture medium, a left gonad of male genetic sex evolves 
intersexually, forming an ovotestis, instead of differen- 
tiating into a testis. The genetic sex is shown by the right 
gonad which acts as a control. A similar result was 
obtained by associating a genetically male gonad with a 
female gonad. These experiments have a wider bearing 
since early secondary sex characteristics appear also to 
depend on hormones. 


*See “Les changements de sexe”, by Etienne Wolff, Paris, 
Gallimard, 1946. 














FIG. 1. (Top) Diagrammatic representation of the sexual 
differentiation of gonads and of genital tubes. Undiffer- 
entiated stage. (Bottom) Male and female differentiation. 
The male genital apparatus (gonads and tubes) is shown 
in black, the female in white. The mesonephros or 
secondary kidney is shaded (top diagram). In birds, the 
female apparatus is rudimentary on the right side (gonads 
and tubes). 


FIG. 2. (Below) Growth in the tibias of chicks after seven 
days’ culture in vitro on different media. (Left) On a 
medium with an embryo extract base, All the others have 
been grown on more or less favourable synthetic media. 
Note the surve due to the lengthening of the tibias, which 
remain anchored to the medium by their extremities. 
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In a neutral culture medias the syrinx of the duck 
develops naturally in an asymmetric manner, typical of 
males; if crystalline female sex hormone is added the 
syrinx develops a symmetry characteristic of the female. 
Other research has revealed that the Mullerian ducts are 
also affected by the action of sex hormones. As we have 
pointed out, these tubes regress and disappear in the male 
but persist in the female, at any rate on the left. An 
androgenous hormone added to the culture medium causes 
the necrosis and eventual disappearance of a Mullerian 
duct either undifferentiated or female. A similar result is 
obtained by associating in the culture a female Mullerian 
duct and a testis. 

Further research has shown that the male hormone first 
causes a selective necrosis of the Mullerian duct and later 
produces or activates diastase which digests the necrosed 
tissues. 

To sum up: these experiments on the sexuality of the 
bird embryo lead to the conclusion that hormones are 
active throughout the whole range of sexual differentiation, 
affecting both the gonads and the early secondary sex 
characteristics. Thus the distinction once so firmly drawn 
between primary (gonadic) and secondary (somatic) sexual 
characteristics is really much less sharp. 
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FIG. 3. Experimental produc- 
tion of double embryos with 
parallel axes. 


ek * ” 
NUTRITIONAL REQUIREMENTS 


The culture of organs allows the examination of many 
aspects of the physiology of nutrition by substituting for 
the embryo extract a number of known chemical con- 
stituents in the medium. Two types of chemical solution 
are used, one containing 9 and the other 21 amino-acids. 
Carbohydrates, vitamins, and hormones are added to cer- 
tain media. Recently, every constituent has been re-tested 
and this has led to simplified media. 

Cultures of gonads, of the syrinx, of the tibia (Fig. 2) 
and of skin have shown survival, growth, and differentia- 
tion of these organs. The results enable us to form definite 
conclusions about the indispensable part played by certain 
sulfhydrylated amines particularly by cysteine, and about 
the small number of amino-acids really required for funda- 
mental needs. It also appears that a number of substitu- 
tions are possible, for example, that of folic acid in place 
of para-aminobenzoic as a growth factor for the tibia. 
Amino-acids can act either antagonistically or compatibly. 
Further, the requirements for growth can be clearly dis- 
tinguished from those of differentiation. Skin culture 
studies have shown, for example, that the presence of 
sulfhydrylated amino-acids in the media favours the growth 
of down but unfavourably affects pigment formation. 








However, it is not always possible to separate growth 
requirements from those of differentiation. 


MIXED EMBRYONIC ORGANS IN 
CULTURES 

At about the same time as the experiments with syn- 
thetic media were initiated, organs of mixed bird and 
mammal origin were produced, leading to a new line of 
research, the end of which is not yet in sight. These 
chimaeras of different organs showed in cultures not only 
a mutual tolerance between tissues of different origin, but 
some surprising affinities. For example, Et. Wolff and 
J. P. Weniger could show that in the combination of duck 
testis and mouse testis the connective tissues intermingle 
and some seminiferous tubes are of mixed origin. 

Many combined bird and mammal embryonic organs 
have been cultured, and quite recently a mouse tumour, 
sarcoma $180, has been successfully grafted on the 
embryonic organs of a chick. The tumoral cells invade 
the transplant and show intense activity. The laboratory 
has also been active in investigating certain aspects of 
regeneration, of experimental morphology and of terato- 
genesis by X-rays. 


REGENERATION 

Regeneration is closely akin to embryonic morpho- 
genesis, as it is the more or less perfect reconstitution of 
differentiated regions which have been experimentally sup- 
pressed. Several groups of animals lend themselves to this 
study, particularly worms and tailed amphibians. From 
1945 to 1952, two aspects of regeneration were revealed 
in the small flattened freshwater worms called planarians. 
The first concerned the origin and action of cells known 
as neoblasts that are responsible for regeneration. These 
pluripotent and in fact totipotent cells live in the healthy 
parts of the organism and migrate towards a lesion to 
carry out their work of repair. The second aspect shows a 
new regenerative process. After an excision of the margin 
round the anterior end of the worm, the eyes re-form if the 
brain has remained intact, but they do not reconstitute 
themselves if the brain has been extirpated at the same 
time. Careful experiments have led to the conclusion that an 
induction, an effect due to the close proximity of the brain 
to the eyes, is carried out by some morphogenic substance. 

With Triton, a tailed amphibian, Et. Wolff and M. Wey 
Schué produced examples of regeneration through migrat- 
ing cells, or fibroblasts similar to the neoblasts of the 
planarida. Such close similarity between two widely 
separated zoological groups is noteworthy. Also with cer- 
tain freshwater earth worms, neoblasts play an important 
role, but they are less pluripotent than in planarians. It 
has been found that they repair only the tissues of the 
mesoderm, the intermediary layer of the embryo. But 
recently, in a species of marine worm, neoblasts nearly as 
totipotent as those of the planarians were observed in the 
course of regeneration. Thus progress is being made 
towards a coherent general view of the regenerative cells 
of worms. 

Concurrently the question of the differentiation of eyes 
in the planarians has been actively explored by Th. Lender 
and a morphogenic substance has been found in prepara- 
tions of the pulverised head. Its general physical and 
chemical properties have been established; it is not 
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FIG. 4. (Above) Control submitted to radiation; total absence of 

upper beak and eyes. The orifice visible is external auditory tube. 

(Below) Effective protection of the upper beak and eyes by A-thiol 
ethylamine. 
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destroyed by alcohol nor by desiccation and it is water- 
diffusible. There is a striking analogy with embryonic 
induction; the latter is a probably chemical correlation 
between two regions in which one special region deter- 
mines by contact the differentiation of the other. 


EXPERIMENTAL MORPHOLOGY 


We come back to the subject of the chick embryo. 
Three problems have been investigated, in the circulatory 
system, in the peripheral sympathetic nervous system, and 
in the cartilaginous skeleton. 

For the circulatory system, F. Stephan defines the 
factors which determine the development of the major 
blood-vessels. Take the well-known example of the aortic 
arches. During early development there is a complete 
system of six pairs of arches; some persist, while others 
regress. In birds, it is the fourth right-hand arch that 
persists. If one ligatures this arch in three-day-old 
embryos, the blood flows through the third arch which 
persists instead. If all the right-hand arches are sup- 
pressed, then either the fourth left-hand arch persists, as is 
normal with mammals, or else the third. Many other 
anomalies have been noted. They show the malleability 
of the circulatory system and the possibility of efficient 
substitutes. The bloodstream is therefore a dynamic factor 
and plays a morphogenic role. 

The second problem deals with the origin of the peri- 
pheral sympathetic nervous system, formed mainly by a 
chain of ganglions along the vertebral bodies. Micro- 
surgical experiments by G. Strudel have shown that these 
ganglions originate in a dorso-lateral peripheral formation, 
the neural-crest, and to a lesser extent in the neural tube 
itself. 

Finally, the origin of the cartilaginous skeleton was in- 
vestigated at the level of the vertebra, and of the cranium 
in the region of the ear. These investigations point to the 
existence of inductors: spinal cord and notochord for the 
vertebrae (G. Strudel), labyrinth of the inner ear for 
the cartilaginous auditory capsule (J. A. A. Benoit). Once 
again the question of induction is raised, here in the special 
case of chondrogenesis. New experiments are in hand 
for investigating this essential element of the embryo’s 
development. 


EXPERIMENTAL TERATOGENESIS 


Recent work devoted to the experimental creation of 
monstrosities is linked with the first investigations of Prof. 
Etienne Wolff. There is not sufficient space to list all the 
results achieved on the subjects of simple monsters. 
Briefly, it has been found that most of the known mon- 
strosities can be reproduced systematically and consis- 
tently, by local application of x-rays to certain specific 
parts of the chick embryo at precise stages in its develop- 
ment,* or—as Salzgeber has found—by the application of 
poisons acting selectively on defined parts of the embryo. 

The large number and diversity of the results achieved 
permit one to analyse the way in which abnormal develop- 
ment takes place and also provide information on certain 
general properties of the embryo, of which one of the most 
important is regulation. 


*See “La Science des Monstres”, by Etienne Wolff, Paris, 
Gallimard, 1948. 


A new chapter in teratogenesis dealing with double 
formations began in 1947. The technique consisted in 
dividing a non-incubated duck blastoderm with a glass 
micro-needle. To take one simple example, it was 
apparent that dorso-ventral division along the main axis 
of the embryo was followed by the formation of two com- 
plete embryos, parallel and pointing in the same direction 
(Fig. 3). 

From the beginning of its development, the embryo 
appears capable of developing a whole from a part, a 
perfect demonstration of its faculty of regulation. Studies 
of regeneration have shown analogous phenomena but 
only in respect of already differentiated regions and organs; 
this distinction is fundamental. 

The latest experiments in teratogenesis have been con- 
cerned with the protection of an embryo against the 
destructive effects of x-rays. Well-established results 
enabled one to fix with certainty the dose of x-rays which 
determines either cyclocephaly or anophthalmy. The 
chemical shield used, 8-thiol ethylamine, had been tested 
to find a dosage to which the non-irradiated embryo was 
tolerant, at two days after incubation. This being estab- 
lished, it was found that after injection of 8-thiol ethyl- 
amine, localised irradiation of the anterior region of the 
brain did not provoke either cyclocephaly or typical 
anophthalmy. The protective effect varied from attenua- 
tion to total suppression of these anomalies and it showed 
itself only in the irradiated areas (Fig. 4). 


CONCLUSIONS 


In the course of this note, the reader cannot fail to have 
noticed the logical progress of the analysis of each of the 
main problems. 

Sexual characteristics in bird embryos were examined 
by means of crystalline hormones which were found to 
affect the whole field of sex characters, including the 
gonads. Experiments have shown that the embryonic 
glands secrete hormones, the biological effect of which is 
identical to that of crystalline hormones. This is an 
important discovery because of the light it throws on the 
chemical structure concerned. 

Study of the culture of organs in vitro shows another 
kind of progress, beginning with a natural, though highly 
complex medium—embryo extract, and ending with a 
synthetic medium of which the number of chemical con- 
stituents has been progressively reduced. 

The study of the differentiation of the eyes of planarians 
began by the complementary operations of excision and 
grafting, which produced evidence in favour of a process 
of induction. Present investigations are concerned with 
discovering the nature of the morphogenetic substance, the 
chemical mediator, which seems likely to be a protein. 
Similarly, there is now a trend towards explaining the 
genesis of the cartilaginous skeleton of the embryo by 
research into the nature of an induction process. Thus, the 
general direction of research is towards increasingly 
accurate analysis, and more and more in the domain of 
biochemistry. The work already aecomplished by Prof. 
Etienne Wolff and his team inspires the fullest con- 
fidence in the future of the Experimental Embryological 
Laboratory. 
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Like other necessities of life, the British Admiralty Chart 
is usually taken for granted. The mariner accepts it im- 
plicitly, as did his forefathers, and his absolute faith in its 
accuracy is a tribute to the tradition built up by the early 
hydrographic surveyors and maintained to this day. The 
average mariner has little idea how a chart is produced, 
and of the long and often tedious labour that goes into all 
stages of its making. To him a chart is something that, 
like Topsy, “just growed”, or else it is concocted by a 
peculiar and secretive people plying a mysterious art. In 
fact there is nothing mysterious or difficult about hydro- 
graphic surveying; it requires only common sense, good 
seamanship, and meticulous accuracy. 


BRIEF HISTORY 


Before the founding of the Hydrographic Department, 
each individual captain obtained his charts from any 
source available. It is said that at the Battle of Quiberon 


in 1759 no two charts in the British Fleet bore the slightest 
resemblance to each other or to the facts. The Hydro- 
graphic Department was founded by an Order-in-Council 
dated August 12, 1795, which stated that a proper person 
should be fixed upon to select and compile “. . . all such 
information as may appear to be requisite for the purposes 
of improving navigation and for the guidance and direction 
of the Commanders of Your Majesty’s Ships. . . .” 

The first Hydrographer of the Navy was Alexander 
Dalrymple, who, out of his salary of £470 per year, had 
to pay the expenses of the Department, which consisted of 
one assistant, one draughtsman, and three engravers. He 
had also to “judiciously arrange and digest” some 20,000 
documents—a task which lasted thirty-one years. Today 
the civilian staff of the Hydrographic Department is about 
650, and some half-million documents are held in the 
archives. 

Since Dalrymple, there have been sixteen hydrographers. 
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Many of their names—as, for example, Beaufort, inventor 
of the Beaufort Wind Scale—are household words. 
Expeditions sponsored by the Department, such as the 
cruises of H.M.S. Beagle carrying Charles Darwin, and 
H.M.S. Rattlesnake with T. H. Huxley, the world cruise 
of H.M.S. Challenger, and the recent achievement of a 
record sounding of 5940 fathoms by a new Challenger, are 
well known and fully documented. The latest feat has been 
the annexation of Rockall by H.M.S. Vidal. Since 1795 
the Hydrographic Department of the Admiralty has grown 
to a position second to none in the world. 


FUNCTIONS 

The main function of the Hydrographic Department is 
to compile, publish, and distribute charts and publications 
concerned with the safety of navigation and covering the 
entire world. Publications comprise such books as the 
seventy-four volumes of Sailing Directions, eleven volumes 
of Light Lists, five volumes of Lists of Radio Signals, Tide 
Tables, and so forth, which are either reissued annually 
or kept up to date by periodic supplements. 

In addition to 3600 different navigational charts, a wide 
variety of special charts and diagrams are produced which 
include Magnetic, Lattice (for hyperbolic navigation such 
as Decca), Meteorological, Oceanographical, Tidal Stream, 
and Air/Sea Rescue Charts, and diagrams for the solution 
of various navigational problems. For the Normandy 
landings some seven million copies of special charts were 
issued to the Forces. 

By international agreement there is a free exchange of 
information on navigational and hydrographic matters 
between all countries, and the Hydrographic Department 
is responsible for the ceaseless correction of its charts and 
publications from this never-ending stream of material. 
Navigational information is also obtained from numerous 
sources such as naval and merchant ships, marine, harbour 
and lighting authorities, Commonwealth, colonial and 
foreign Governments. Urgent information is promulgated 
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by radio and less urgent matter by Admiralty Notices to 
Mariners. 

Joined with the Department is the Royal Naval Hydro- 
graphic Surveying Service, which is also under the direc- 
tion of the Hydrographer, himself a naval officer. Its 
function is to carry out surveys from which charts and 
publications can be compiled or corrected. The Hydro- 
grapher is also responsible for the staffing of the Royal 
Observatory. 


SHIPS, PERSONNEL AND EQUIPMENT 

The Surveying Fleet consists of seven ships and five 
surveying motor-launches, details of which are shown in 
the Table. 


Displace- Comple- Surveying 


Name ment ment Officers 


Area of Employment 


Vidal 2173 161 7 West Indies. 
Dampier 1600 133 7 Borneo and Malaya, 
Dairymple .. 1600 133 7 British Isles, West 
2 Coast. 
Owen 1600 133 7 Persian Gulf and Medi- 
terranean. 
Cook 1600 133 7 South Pacific. 
Scott 830 84 5 British Isles, South 
and East Coasts. 
Shackleton .. 830 84 5 British Isles, East 
Coast. 
S.M.L.s 322, 
324, 325, 
and 326 50 10each 2each East Coast of England. 
Meda 50 il i South Coast of Eng- 


land (manned by 
civilian crew). 


H.M.S. Vidal was the first all-welded, prefabricated ship 
to be built in a royal dockyard, and among other innova- 
tions is diesel-electrically driven, air conditioned by a heat 
exchange system, and carries a helicopter and a complete 
printing unit capable of producing full-sized Admiralty 
charts while at sea. 

The S.M.L.s are to be replaced by Inshore Survey Craft 
of the Echo class, of 150 tons displacement, carrying a 
complement of three surveying officers and sixteen ratings. 


FIG. |. From the 
sounding - boards, 
used in the survey- 
ing motor-boats, 
the information is 
transferred to 
charts; here, in the 
chart room on 
board H.M.S.Cook, 
the captain and 
officers are per- 
forming this opera- 
tion. 






















FIG. 2. A boat sounding 
party (one officer and 
five ratings) from H.M.S. 
Cook are fixing the 
. motor - boat's __ position. 
This is done at frequent 
intervals as the boat pro- 
ceeds along a line. 








FIG. 3. The sounding 
mark itself in position, ; “ 
the party tests the ; 
stays of the flagpole. 
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Surveying-personnel consists of about seventy-two 
officers and a hundred ratings. An officer should take 
about seven years to become a Ist Class Assistant Surveyor 
and may then have to wait a further five years before being 
appointed in command of a surveying ship. 

The Surveying Recorders, who wear the distinguishing 
badge of a sextant, form the specialist nucleus of the ships’ 
companies. About twelve are borne in each ship. Volun- 
teers are sent to the Survey Training Unit at Chatham for 
initial training and they are then drafted to a surveying 
ship. Advancement to higher grades follows after further 
courses, the minimum period in each grade being two years. 
A limited number of Surveying Recorders can become 
Special Duties Officers (Hydrographic). 

The larger ships may carry as many as thirteen boats, of 
which the three echo-sounding motor-boats are the most 
important. These boats will be away from the ship for up 
to ten hours a day when sounding, or they may be detached 
with camp parties for weeks at a time. The larger survey- 
ing ships are fitted with dark-rooms and can produce prints 
of charts and surveys on their reflex printers. They have 
certain special fittings such as beacon derricks for working 
the sixty-foot floating surveying beacons and landing the 
Land-Rover and trailer; oceanographical winches for 
obtaining deep-water samples; deep-sea sounding machines 
carrying eight miles of special wire, for bottom sampling; 
taut wire measuring gear, the reel of which holds 140 miles 
of wire, for measuring accurate distances at sea. Twenty- 
or nine-mile versions are fitted in §.M.L.s or surveying 
motor-boats. Various wire sweeps are carried for obtain- 
ing the least depth of water over wrecks or obstructions 
and for clearance sweeping of shoals and channels. 

A general range of land surveying instruments such as 
astrolabes, theodolites, levels, heliographs, plane tables, 
and so forth, are carried; also a large number of sounding 
sextants and station pointers, the main hydrographic 
instruments. Other special instruments include current 
meters, insulating water-bottles for deep-water sampling, 
bathythermographs, automatic tide gauges, and various 
types of bottom samplers. Since camp parties may have 
to be landed for long periods, tents, generators, portable 
radio-sets, and everything else necessary for camping must 
be stocked. 


THE ECHO-SOUNDING MACHINE 
AND ASDIC 


Before the early 1920’s the method of sounding by lead 
and line had hardly changed since man first ventured to 
sea. The introduction of the echo-sounder was therefore 
a tremendous advance. The principle of echo sounding, 
as its name implies, is the measurement of the time inter- 
val between the transmission of a sound wave and its 
return from the sea-bed. Since the speed of sound in 
sea-water is known, this time interval relates directly to the 
depth. 

The first sets were sonic with the operator listening 
through earphones. Modern machines are self-recording 
and draw a continuous picture of the sea-bed. Trawlers 
now use echo-sounding to detect shoals of fish and can 
differentiate between species. There even exists a record 
of hippopotami on the bed of the Nile. Several types of 
sets are used in the Surveying Service, ranging from one 
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that will record the greatest known depths, down to shallow 
water portable ones that can be used even on a raft. 

Asdic operates on the same principle as the echo- 
sounder but in a near-horizontal instead of a vertical plane. 
It was developed as an anti-submarine device but survey- 
ing ships use it for locating rocks, wrecks, and other such 
dangers. Asdic can be used, if necessary, for deep-sea 
sounding by deflecting the sound waves downwards and, 
in good conditions, depths of up to 3000 fathoms can be 
recorded. Asdic is also being produced commercially for 
whale-hunting. 


RADAR AND DECCA 


Surveying ships carry radar capable of ranging to 40,000 
yds. with an accuracy of +25 yds. Fixing is normally done 
by obtaining simultaneous ranges of two objects of known 
position. One of the surveyor’s problems is to find suitable 
natural marks. Large features, such as hills or cliffs, 
although giving strong responses suitable for ordinary 
navigation, are too indeterminate for accurate fixing, and 
smaller objects often merge into the coastline. Responders 
have been tried but have not yet proved effective. In the 
absence of suitable natural marks, floating beacons, fitted 
with radar reflectors, are moored offshore and can be 
ranged on up to seven or eight miles. 

The Decca system was developed during the war for 
accurate position-finding, and the Decca Navigation 
Company have erected a series of chains covering the 
whole of the British Isles and most of western Europe. 
Many more chains are projected in other parts of the 
world. 

Decca is a hyperbolic system using the phase difference 
of radio waves transmitted simultaneously from two or 
three “slave” stations and a common “master”. Accuracy 
depends on the relative positions of the ship and the 
stations. With a master in the centre and slaves symmetri- 
cally placed about 100 miles away, fixes may be obtained 
to within 50 ft. over several hundred square miles and to 
within 200 ft. up to 200 miles from the master. 

A development of this equipment is the portable two- 
range Decca system, whereby the ship carries the master 
and sets up two slave stations ashore. Plotting is then done 
by direct measurement of the range of the two slaves, and 
a much greater area of high accuracy fixing is obtainable. 


THE SURVEY 


Surveying ships spend a thirty-six-week working season 
in the field and the rest of the year in port, drawing charts 
and refitting. Before leaving port, each ship is issued with 
hydrographic instructions. These include scale and limits 
of areas to be surveyed, lists of co-ordinates of triangu- 
lated points, tidal data, and so forth. Where no triangula- 
tion already exists, a base up to a mile long is measured 
by steel tape to an accuracy of half an inch in 1000 feet. 
A new instrument, the tellurometer, which will shortly be 
supplied, can measure such distances to an accuracy of 
one in a quarter of a million. Angles are observed from 
the ends of the baseline to other stations, and the triangula- 
tion is extended to cover the whole area. A plotting sheet, 
the master framework on which the whole survey is based, 
can now be constructed. It is important that there should 








Fic. 4. (Right) The floating 
beacon is an anchored buoy 
with a flagpole which serves as 
a triangulation point from which 
the positions of soundings taken 
may be fixed. Here, it is being 
hoisted on board H.M.S. Cook 
at the end of an operation. oe 


FIG. 5. (Below) Negative spotters 

at the Production and Supplies 

Establishment of the Hydro- 

graphic Department of the 
Royal Navy. 


(Photographs by courtesy of the 
Central Office of Information) 
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be a minimum of delay in reaching this stage when sound- 
ing, coastlining and topography can begin, since the larger 
ships cost up to £1500 a day to run. 

Sounding is carried out by the motor-boats working in- 
shore with the ship operating in deeper water where she 
has room to mancuvre. The nature of the bottom is 
ascertained at regular intervals while sounding and the 
ship makes an Asdic sweep of the area. 

While sounding is being progressed the geographical 
position of one of the main stations is obtained in order to 
fix the survey. This is done by astrolabe or theodolite in 
conjunction with a chronometer and chronograph checked 
by radio time-signals. A good observer should be able to 
pin-point the position within an area the size of a tennis- 
court. An azimuth is also obtained to orientate the survey. 

Other tasks include such work as sweeping wrecks and 
obstructions, tidal and magnetic observations, drawing or 
photographing views of leading lines or approaches, and 
compilation of sailing directions. 

At the end of the season the ship returns to her home 
port where the Fair Charts are drawn by the ship’s officers. 
These Fair Charts, which may contain 80,000 soundings, 
together with all records, form the basis of an Admiralty 
Chart. 
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THE PUBLISHED CHART 


The Fair Chart, in the form rendered by a surveying 
ship, is unsuitable for navigation. The sea area is com- 
pletely covered with soundings on which it would be 
impossible to plot. The published chart only shows certain 
selected soundings, but these will give the navigator the 
position, depth, extent and nature of all dangers as well 
as a representative picture of the area. Compass roses, 
tidal data, and any other information of value to the 
mariner will be shown on the chart and perhaps a view of 
the coast. 

A chart, unlike a map, must be continuously corrected 
by the user, and 20,000 copies of Notices to Mariners are 
issued weekly, containing some 3000 notices each year. It 
is only when these corrections become too big or compli- 
cated that a new edition or large correction is issued and 
the current chart withdrawn. Many charts published over 
a century ago are still in general use, a living tribute to 
their makers. 

Only a few aspects of the work of the Department have 
been outlined in this article, and it is regretted that space 
has not allowed mention of many other important functions 
and activities. 

(Published by permission of the Admiralty) 








RECENT DEVELOPMENTS IN VOCAL ACOUSTICS 


E. G. RICHARDSON 


Professor of Acoustics, University of Durham (King’s College, Newcastle-upon-Tyne) 


In a former article (Discovery, 1953, vol. 14, No. 3, p. 87) 
an account was given of the impact of acoustics on the 
design and playing of orchestral instruments. This article 
will discuss the acoustics of the human voice which, in its 
flexibility and adaptability, is an instrument far transcend- 
ing that of an orchestral instrument, whether the latter is 
purely mechanical or is controlled by the skilled hands of 
a performer. Because of its flexibility and adaptability, 
however, the human voice is more difficult to govern if 
the best musical effects are to be produced from it. 


THE VOICE: PHYSICS AND PHYSIOLOGY 


The normal production of sound by the human voice 
requires both a stream of breath and the vocal cords, which 
are two wedge-shaped muscles located in the larynx (see 
Fig. 1). When a person exhales quietly, the vocal cords are 
relaxed, permitting air to be expelled from the lungs 
through an opening between the cords called the glottis, 
and out through the mouth or nose. When the vocal cords 
are tensed, they move towards each other, so that their 
edges touch and the glottis is closed. 

The action of the vocal cords can be illustrated by 
reference to the mechanical analogue shown in the diagram 
of Fig. 2. Air is forced by pressure through a box, repre- 
senting the larynx, from which it can escape only through 
the valve formed by two wedges which touch along their 
edges under the action of springs in the way that the vocal 
cords are brought together in contact when tensed by the 
muscles. Sound occurs when the pressure of the air being 
expelled, together with the tension in the vocal cords, forces 
the cords to open and close a great many times each second. 
In this respect the vocal cords behave like the double reed 
of the oboe. 

Set to a tension, the vocal cords may vibrate at several 
frequencies, the lowest of which is called the fundamental 
frequency. The mass, tension, and length of the vocal cords 
determine the fundamental frequency of the sound they 
produce. The fundamental frequency is then modulated by 
resonance to provide the characteristic quality of the 
emitted sound. The air in the throat, mouth, and nose 
constitute a vibrating system. Resonance occurs when the 
natural frequency of this system, which depends upon the 
volume and openings of the cavities, corresponds to the 
frequency of the vibrating vocal cords. The natural vibra- 
tions of the air in the mouth in the absence of the laryngeal 
tone from the vocal cords may be heard in whispered 
speech or in whistling, when the vocal bands are drawn 
aside and a stream of air passes through practically un- 
hindered at the larynx. 

One difference between artificial wind instruments and 
the voice is in the type of resonance employed. In nearly 
all wind instruments standing waves are set up in the 
resonance tube and the pitch of the note is therefore deter- 
mined by the tube length. The voice, on the other hand, 
employs resonators of the Helmholtz type, comprising 
a cavity which opens to the atmosphere through an orifice. 


The resonance frequency depends not only on the size of 
the cavity or cavities but also on the size and shape of the 
opening. The function of the air in the opening is to 
provide “mass” when the resonator responds to oncoming 
sound, but the air inside the cavity, being restrained by the 
rigid wall behind it, can only fulfil the function of a 
“spring”. 

Phoneticians usually distinguish three principal reson- 
ances: the back cavity of the throat, the front cavity of the 
mouth, and the nasal cavity. Since the mouth and the nose 
form alternative paths for the breath to travel to the open 
air they must be considered (in the language of textbooks 
on electricity) as “parallel” paths which together are con- 
nected “in series” with the cavity formed by the space 
above the vocal cords (cf. Fig. 3(a)). 

The electric analogue of this more complex resonator is 
shown in Fig. 3(b), where the variable condensers and the 
inductances represent the mouth tuned by the tongue at 
position T while the moveable tapping on the resistance 
represents the impedance afforded by the opening or closing 
of the lips at M. 


VOWELS 


We turn now to the important modification produced on 
the rather unmelodious “buzzer” note of the vocal cords by 
the resonance column, which it now has to pass through. 
Two theories relate to this modulation and its effect on the 
wave-form. 

Helmholtz’s theory, sometimes called the relative pitch 
theory, considered that when a vowel was enunciated at 
different pitch (or sung up the scale), the relative magnitude 
of the harmonics to the fundamental, constituting the con- 
stituents of the vowel sound, remained unchanged. As we 
have remarked in the earlier article, this is the feature which 
the organ-builder tries to reproduce on the whole rank of 
pipes constituting one “stop” (not always with complete 


FIG, 1. 


Human vocal system. 
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success). According to this theory the tone quality of a 
vowel is the constant factor which enables one to recognise 
it, at whatever pitch it may be sung. If this “harmonic 
theory” is correct, the wave-form of a given vowel as seen 
on the oscillograph should look the same at all frequencies, 
as one sings this vowel up the scale, though the scale of the 
pattern will diminish. 

Hermann’s theory, on the contrary, is a “fixed pitch” 
theory. He considered that the vocal system possessed a 
number of natural resonances, and that these coloured the 
tone quality which a sound possessed after it had passed 
through to the atmosphere. This set of resonances he called 
the “formant” of the voice, and the same term has been 
applied to an orchestral instrument like the violin. On the 
“formant theory” the vowel sung up the scale would show 
a varying wave-form, but if this wave were analysed on our 
machine we should always find the same resonances at the 
same pitch in the same vowel (exception being made that 
those parts of the formant that lie below the fundamental of 
the laryngeal tone cannot be excited thereby). 

Crandall, in his analysis of the wave-forms of eleven 
pure vowel-sounds, found evidence to support both 
theories. For instance, he found that the low-frequency 
component was in harmonic relationship with the funda- 
mental in 214 out of 264 instances which he examined. On 
the other hand, he found the amplitude of this low- 
frequency component decayed with time. 

Neither the pitch nor the wave-form of a vowel is its 
distinguishing feature. This can be demonstrated clearly by 
means of oscillograph records of vowels taken at different 
pitches. The wave-form of the same vowel alters consider- 
ably with pitch and yet this vowel is always recognised by 
the ear no matter what its pitch. Also it frequently happens 
that the wave-form of one vowel at a certain pitch looks 
very similar to the wave-form of another vowel at a 
different pitch. 

The author, with the assistance of Mr W. Riddell, has 
recorded the wave-forms of vowels sung up and down the 
musical scale and compared them. Whereas the ah is fairly 
constant, others vary considerably in wave-form over an 
octave change in fundamental. 

On the one hand modern experiments lead us to reject 
the Helmholtz theory and adopt a modified form of the 
Hermann theory. It is no more true of the violin than of 
the voice that the tone quality of a sound is constant, as 
the pitch at which it is produced is varied. 

On the other, damping (introduced by the soft tissues in 
the walls of the resonators) makes the application of either 
theory less simple in practice. Damping tends in fact to 
confound together the theories bf Helmholtz and Hermann 
on the subject of the wave-forms of vowels, for while it is 
true that we find with the latter that, as one sings a vowel 
up the scale, each cord note has the “formant” of the fixed 
resonance cavities impressed upon it, these resonances are 
so broad that there will be great probability that some of 
the harmonics in the cord-note will elicit some resonance 
in the mouth cavities, giving apparent agreement with the 
Helmholtz relative-pitch theory of vowel overtones. This 
has the result that within limits the wave-form of a vowel 
is preserved as the cord-note is changed. This would not 
be so true of a brass instrument where rigid walls and 
consequent sharp resonances impress a very pronounced 
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FIG. 2. Mechanical model of larynx 
with spring-loaded valve as sound 
source 
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FIG. 3(a). Schematic diagram of double resonator formed 
by raising tongue in mouth. 
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FIG. 3(b). Equivalent electric circuit. 
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“formant” on each note, altering the wave-form as the 
player moves up the scale, in fact he would find it impos- 
sible to be sure of striking any particular note if the tube 
of his instrument were lined with a soft damp substance. 
Fig. 4 shows the frequencies of the principal resonances 
(according to Harvey Fletcher) for some common vowels 
of American English. 

It has not been determined with certainty whether all the 
component tones in a vowel are harmonic to the funda- 


FIG. 5. Components in records of 
vocal ah at various fundamental fre- f _ 104 c/s 
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mental, that is, have frequencies integral multiples of the 
fundamental as the Helmholtz theory would require, but it 
is certainly true that the formant components can adjust 
themselves to reinforce harmonics in the cord note. Usually 
they do this reinforcement on the higher harmonics. Fig. 5, 
for instance, shows the harmonic and inharmonic com- 
ponents in the sound of the vowel ah sung at different 
pitches. Although the greater part of the sound energy may 
be distributed among these harmonic resonances, neverthe- 
less in listening we associate the pitch with the fundamental. 
This is due to the nature of the ear, which has the uncanny 
facility of extracting the fundamental even when it is weak 
from such a series of harmonics presented to it. 

According to Fletcher’s analysis (Fig. 4) the assumption 
of two resonances suffices for the common vowels (that is, 
exception made of the voiced consonants). These reson- 
ances vary in frequency according to the adjustment of the 
mouth made by the speaker in enunciating the vowel. 

Figs. 7 and 8 give wave-forms of some of the standard 
English vowels enunciated by a bass voice at about 100 
cycles per second. Some of these remain unchanged in 
form over a considerable range of frequency. Very typical 
of the a sound, whether long as in “father” or shoft as in 
“mat”, is the appearance of a fairly high frequency, ten to 
twenty times the fundamental at the beginning of each 
period. By making an analysis of the sound in filters, 
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Trendelenburg has found in each period a double group 
of damped waves at these high frequencies, which he 
ascribes to the opening and shutting respectively of the 
glottis. From the separation of the beginnings of the two 
groups he calculates that the duration of the opening is one- 
half to two-thirds of the period of the fundamental. In 
other vowels, particularly the rounded o and u, this high- 
pitched component is less apparent. 

The normal compass of resonance for each voice shows 
a remarkable uniformity among persons of differing ages 
and nationality, individual variations rarely amounting to 
more than a semitone in either direction. 

The throat-cavity resonance on any particular note 
appears to be independent of the vowel which is being sung. 
It would appear, therefore, that throat resonance plays little 
or no part in vowel production, but the matter is still open 
to question. The nature of the vowel-sounds has been 
under investigation since the beginning of the 19th century 
and the pitches of the formants involved in the production 
of each vowel are now well established. For some vowels 
the lower formant does lie within the compass of throat 
resonance while the upper formant is undoubtedly supplied 
by mouth resonance. With other vowels, for example, ai 
and ee, the mouth is divided by the tongue into two 


FIG. 7. Wave-forms of vowels in “jaw”, “bad”, “hair”, 


“came”, “lily”, “year”, “dead”. 
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FIG. 8. Wave-forms of vowels in “moon”, “hist’’, 
“hoar”, “bird”, “hut”, “pa’’. 


“road”, 


cavities (cf. Fig. 3(a)) which appear to provide the two for- 
mants independently of the throat resonance. 


CONSONANTS 


Consonants are transient sounds, occurring at the sudden 
release of breath after a stop; they may be voiced or un- 
voiced. The unvoiced consonants are interruptions to the 
flow of the vowels. The voiced consonants are, in effect, 
short vowels. The two types mostly occur in pairs like f 
(unvoiced) and v (voiced). 

The voiced consonants (““voiced” because the vocal cords 


__ take part in their production) have spectra-like vowels, with 


formants into which the energy is concentrated. The frica- 
tive consonants like f, s, and sh have less well-defined 
formants but lack the fundamental which is found in their 
voiced counterparts. 

The stop consonants (p, t, and k) with their voiced 
counterparts (b, d, and g) show abrupt initial rises of energy 
with no marked resonances and with considerable varia- 
tions in wave-form for their short duration. 


SINGING 


It is evident that data such as those of Figs. 6, 7, and 8 
are very pertinent to singing. Whereas a speaker can 
change the frequency of the fundamental on which he 
enunciates a vowel for the sake of clarity and abbreviate 
or lengthen the consonants, pitch is all-important to the 








singer and, for the sake of preserving it, he may have to 
change the vowel. At the same time he may consider the 
consonants as obstructions to the flow of the song. This 
explains the difficulty which an audience may feel in under- 
standing the sense of the words of the song. It also, in 
part, explains the preference of multi-lingual singers for 
Italian, with its large number of open vowels and voiced 
consonants, or for French, where the frequent final e 
enables them to change a terminal consonant into an extra 
syllable containing a final vowel. 

Although we have just opined that the average singer 
finds the consonants, that is, the transients formed by the 
action of tongue and lips, a disadvantage, there is another 
form of “commencement operation” which has analogies 
with the tonguing of the flautist or the “ictus” on the reed 
of the clarinet-player. This is the “coup de glotte”, the 
device by which the singer builds up wind pressure behind 
the closed glottis and suddenly expels the air into the vocal 
system, preadjusted for the vowel he wishes to produce. 

One interesting acoustic question arises in this con- 
nexion. At the commencement of tone, does the wave-form 
build up gradually in unchanged tone of special form 
before the final wave? If reference to the previous article 
may again be permitted, it is a question whether the tran- 
sient is of the flue-pipe or reed-pipe type. 

Fig. 6 shows examples of two vowels (ah and ee 


il hh uh 


au 





(b) Vowel ah. 
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respectively) sung with a strong coup de glotte. In each 
case the initial wave resembles part of the final wave-form, 
though the resemblance is stronger in the latter case. 

Another important problem in singing is the vexed one 
of registers. In singing up the scale the singer reaches a 
note of such pitch that he is either unable to produce it or 
at least must make a readjustment of the vocal-cord 
mechanics. The register above this stage is called “falsetto”. 
The change which takes place can be seen with the aid of 
the laryngoscope, a mirror inclined at 45° to the axis of 
the mouth, which (after being warmed to prevent condensa- 
tion) can be pushed into the back of the mouth at such a 
position that an observer can see the position of his friend’s 
vocal cords. Whereas in the normal (“breast”) register, the 
cords vibrate along their whole length, in falsetto voice- 
production muscles bring together the cords about a third 
of their length along, leaving a smaller opening and a 
shorter vibrating length so that the fundamental frequency 
can now thereby be raised. The action of these muscles 
then is somewhat like that of the violinist who “stops” the 
strings of his instrument at a suitable point and so is able 
to shorten the vibrating length to raise the pitch, except 
that in the vocal cords only the one adjustment of length 
is possible. 

This “change of register”, as it is called, is very impor- 
tant in singing, because it is accompanied by a change in 


FIG. 9. Normal and falsetto tone. 


(a) Vowel oh. 
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the position of the larynx in the throat and so by a change 
in timbre. Fig. 9 shows these changes of wave-form for 
two common vowels. It occurs in all voices, but is not 
generally used by the contralto and bass voices over most 
of their range. In the soprano and tenor voices, it can be 
brought into play at about the high E or F of the range. 
Formerly much training was given to the professional 
singer in disguising the break between the normal and 
falsetto voice, but the tendency now is to train all voices 
(except the male alto) to extend the range of normal pro- 
duction upwards, so that the full length of vocal cords is 
used all the time. There is in fact a range in the male voice 
from about A (220) up to F (388) over which either register 
can be employed, though the male alto sings exclusively 
with falsetto production. At the other extreme, in which 
the break in register is actively exploited, we have the 
yodeller, who passes rapidly to and from the two registers. 


PHONETICS 


Although in this article we have been in the main con- 
cerned with speech sounds in relation to singing, we must 
not forget that a study of speech sounds is also the concern 
of another science, that of phonetics; this discipline, how- 
ever, is a study more often attributed to the arts. The 
relation between phonetics and the other studies we are 
considering is similar to that between anatomy and anthro- 
pology. Whereas such persons as telephone engineers are 
concerned to establish “norms” in speech-sounds and 
would like to reduce all speech in one language to a set 
of standard sounds, the philologist is concerned with 
variants between one language and another and as between 
regional usages by speakers of the same language. He is 
also closely interested in the historical developments of 
speech sounds. 

Until the advent of the kymograph and the phonograph 
in the middle of the last century, sounds could not be 
written down and mode of speech in earlier times has to be 
inferred or guessed at. Now it is possible (at the lowest 
level) for the phonetician to write down a person’s speech 
in the recognised phonetic symbols and (at the highest) to 
record the speech on tape and analyse it piecemeal. 

Sometimes the analysis gives too detailed a picture for 
these purposes. It is a case of not being able to “see the 
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wood for the trees”. In such a case, an apparatus such as 
the “Vocoder”, developed at the Bell Telephone Labora- 
tories, may prove more adapted to the needs of the students 
of dialect. 

The Vocoder is in essence a set of filters through which 
the current from a microphone passes. A pen scans a piece 
of moving paper in a direction at right angles to the move- 
ment of the paper, the passage of the pen occurring once 
a second or less. (In television-scanning, the electron beam 
in the oscilloscope performs a similar operation.) The pen 
marks the paper at places corresponding to the frequencies 
in the sound picked up, and the blackness of the mark is 
proportional to the intensity in the sound. As the paper 
moves at constant speed, then we have a scale of time in 
the direction of motion; scale of frequency at right angles 
to this; while the blackness represents loudness. Fig. 10 
shows a record obtained on this machine of the writer’s 
pronouncing his own name. 

Ambitious programmes are now in hand for making a 
complete study of dialect English in all regions of the 
United Kingdom, the Commonwealth, and the United 
States under the aegis of a number of phonetic societies. 
Their publications take the form of atlases to show the 
regions in which are to be found peculiar pronunciations 
and terminology characteristic of the older activities, like 
agriculture, among the craftsmen of which the variants are 
best preserved. (In the United States such an atlas was 
published for New England in 1939.) 

The raw material is collected in the form of answers to 
a carefully compiled series of questions. The questions ask 
for the usual name of commonplace objects. To take an 
instance from neighbouring dialects, a building for housing 
cows may be called a cow-house (variously pronounced), 
a cow-shed, a byre, a shippon, or a mistal. Or again, the 
questions might aim at eliciting information about some 
point of syntax (for instance, whether a noun in the posses- 
sive case drops the normal s); or again, about a grammatical 
form, whether “she” is she or (h)oo or shoo, or whether the 
present indicative plural of the verb has a suffix en or not. 
A satisfactory questionnaire might need almost two 
thousand questions. 

All these activities invite collaboration between artists 
and scientists in many fields. 
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FIG. I. 


One of the different kinds of branching occurring in Gleichenia, a 


rhizome bearing fronds at various stages of development. Its branching is of 
the simplest kind, the main apex periodically dormant while successive pairs 


Every botany student who progresses beyond the elemen- 
tary stages hears sooner or later about a primitive family 
of ferns known as Gleicheniaceae, but few such students in 
the northern hemisphere ever see a living Gleichenia plant. 
Anyone who goes to the wetter parts of the tropics, how- 
ever, makes acquaintance with these ferns as soon as he 
steps beyond the limits of a city. Though they are an 
ancient family, they are aggressive in the modern world, 
and in the past few centuries man, by clearing so much of 
the forest which originally covered the ground, has pro- 
vided vastly greater areas for these ferns than existed in 
earlier times. The plant kingdom provides no more for- 
midable obstacle than a well-grown thicket of Gleichenia 
linearis, and on the edge of a forest some of these ferns can 
climb to a height of one hundred feet or more. A con- 
sideration of the biological characters which make such 
development possible is of some interest, but little has been 
written on the subject. 

Parenthetically it may be observed that there is an 
immense amount of elementary observation still to be 
made on tropical plants. Even the basic taxonomic survey 
of many families is still very incomplete, and completely 
erroneous statements, about fundamentally important 
characters, made by early monographers (in good faith, 
from difficult or imperfect material), are still copied from 
book to book. 


DISTRIBUTION 


All members of the Gleichenia family are sun-ferns; they 
cannot long continue to grow if overshadowed by trees. 
They occur today throughout the wetter tropics, and into 
south temperate regions in all continents. The species of 
south temperate regions, and some on high mountains in 
the tropics, do not grow to any great size; it is with the 
larger species, which occur mainly in equatorial regions, 
that we are here concerned. 

Formerly it was the custom to include all living mem- 
bers of the family in a single genus Gleichenia, but in 


of branches develop; no other dormancy. 


recent times four natural groups of species have been 
recognised as separate genera, those forming thickets in 
tropical lowlands being called Dicranopteris, the name 
Gleichenia being confined to small plants found mainly in 
south temperate regions. For the purposes of the present 
account, however, we shall use the name Gleichenia in the 
broad sense, to include all members of the family. 

Superficially, a tropical Gleichenia thicket looks rather 
like a bracken thicket in Britain, but it has some important 
differences, apart from the detailed structure of the leafy 
parts of the plants. The most important difference is that 
fronds of a tropical Gleichenia grow to an indefinite length; 
they have no winter to kill them after a few months’ growth. 
But this growth, though of indefinite duration, is not con- 
tinuous. These ferns have developed a system of periodic 
growth (with intervening dormancy of the apex of the 
frond) which is peculiarly adapted to their existence as 
thicket-forming sun-ferns; and the more specialised mem- 
bers of the family have developed also a special kind of 
branching which is based on permanent dormancy of the 
tips of lateral branches of several orders. 

As with all thicket-forming ferns, these plants have a 
long creeping stem or rhizome, which in Gleichenia runs 
close to the surface of the ground (not deep underground 
as in bracken). The rhizome bears fronds at intervals of 
several inches, and branches occasionally, so that one 
plant by itself may form a thicket of fronds. A young plant 
naturally has a small rhizome and small fronds; as it grows 
onwards, if conditions are favourable, the rhizome becomes 
thicker and its successive fronds larger until the maximum 
size is reached. The shape of fronds of young plants and 
the succession of changes towards the adult form differ 
within the family according to the final branching pattern, 
and are of considerable interest. 

We will begin by considering the simplest form of 
branching (Fig. 1), occurring in a group of species now 
mainly found on mountains in the Malayan region and 
countries immediately to the north of it (two species also 
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FIG. 2. A thicket of plants of the G. linearis group on the edge of a forest in Singapore. Three distinct forms are shown, 
including one like that of Fig. 4. 
Insef.. One of the two types of branching in which the apices are permanently dormant (see also Fig. 3). This is the basic 
type of branching in G. linearis and its allies. 


in tropical America, but none in Africa). This type of 
branching is also found in Cretaceous fossils in arctic 
regions, and these fossils do not show the more complex 
branch-patterns which I believe to be derivative. Older 
fossils show the characteristic sporangia of the family, but 
do not show clearly the branching of fronds. 


GROWTH AND BRANCHING 


A new frond (of a plant of mature size) starts to grow 
upwards with its top coiled tightly; the coil uncurls as the 
stalk of the frond grows in length, but the extreme tip, 
where new cells are being formed, remains protected in the 
centre of the coil. When it reaches a certain height, a pair 
of branches appear, each with its own coiled apex; the apex 
of the main axis of the frond then stops growth and remains 
at the centre of a small coil, which is protected by scales or 
hairs, and soon also by the first leaflets of the two branches. 
This main apex remains dormant until the two branches 
have completed their growth, which they accomplish with- 
out any dormancy of their own tips. The plant can thus 
put all its resources into this one pair of branches, whereas 
in most ferns the apex of the frond continues to grow, and 
so needs a proportion of the food available. 
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After these two branches have completed their develop- 
ment, sooner or later the dormant apex resumes growth, 
and then a second advantage of this periodic growth 
becomes apparent. The tip of the frond grows upwards as 
a Single axis with its coiled apex, and so it can pass between 
any other leaves or branches (whether of ferns or other 
plants) which may be immediately above it, and can then 
spread out its own next pair of branches above any such 
obstructions. If it projects far into the open air, its next 
pair of branches will weigh it down so that they rest upon 
any support which may be present. A large number of 
separate fronds, each making periodic growth of this kind, 
produce a densely tangled thicket. The older branches, 
covered by much overgrowth, may die and decay, but if the 
main axis of the frond is intact its tip can go on growing, 
so long as the rhizome and its roots can supply water from 
the soil. The axis of such a frond has very strong and 
tough outer layers, protecting the vital inner tissues which 
transport water and dissolved substances necessary for the 
continued growth of the frond. This toughness, added to 
the tangled nature of the thicket, is in large part responsible 
for the formidable nature of a Gleichenia thicket. 

In this simplest form of branching, each member of a 











pair of branches has much the shape of a single leaf of the 
common male fern (Dryopteris filixmas) of Britain, but 
the Gleichenia branches are longer, in most cases 150 cm. 
or even 200 cm. long. The result is ‘a frond which only 
differs from one on a large tree-fern in the character of 
periodic growth of the apex, with corresponding indefinite 
growth in length. 

The next step in complexity starts from the same kind of 
periodic growth of the main axis, but each pair of branches 
produces a pair of secondary branches, its own apex 
remaining dormant between them; the dormancy of this 
apex is permanent, not temporary (unless one of the secon- 
dary branches is injured). Then the secondary branches 
behave in a similar way, producing pairs of tertiary 
branches, each with a dormant apex between them, and the 
process may be repeated several times. The result is a 
repeatedly forked branch-system which spreads out in a 
fan-shape, and so is more effective than a simple straight 
pinnate branch in covering other vegetation and in gaining 
support for further growth of the main axis of the frond. 
GROUPS OF GLEICHENIA 

There are two quite distinct groups of species which have 
such repeatedly forked lateral branch-systems; they differ 
in the details of the pattern of branching, and in other quite 
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different ways also (notably the structure of their protecting 
hairs or scales). I conclude that these two groups of species 
have developed as two evolutionary lines from the simpler 
type of Gleichenia which was first described. Other 
opinions have been expressed by some previous authors, 
but is seems to me that they have not considered all the 
facts. 

Of the two groups of species with complex branching, 
one (Fig. 2, Fig. 2(inset)) consists of Gleichenia linearis (also 
called G. dichotoma) with its near allies, and these form 
almost all the Gleichenia thickets of the tropical lowlands 
of Asia and Africa. The members of the other group occur 
mainly on mountains in the tropics, and in south temperate 
regions, but one of them is not uncommon on the edges of 
forest in the lowlands of Malaya, and is one of the highest- 
climbing of all members of the family (G. truncata. Fig. 3, 
Fig. 3(inset) ). 

The members of the G. linearis group have developed 
an astonishing number of variations in detail as regards 
various parts of the plant, and it is very difficult for the 
taxonomist to distinguish clearly the significant characters 
by which they may be separated into practical toxonomic 
units (the necessary first stage of a taxonomic survey). It 
is not surprising that this bewildering variety is developed 
especially in the Malayan region, with its almost con- 


FIG. 3. The second type of branching with permanent dormancy of the apices. This type of branching is basic to 
G. truncata. 
Inset. G. truncata on Taiping Hills, Malaya; a single pair of branches is shown diagrammatically here. This species can 
climb to 100 ft. or more on trees on the edge of the forest. 
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tinuously wet and warm climate which especially favours 
the growth of Gleichenias; it seems that throughout tropical 
Africa there is very little variation in this group. One cannot 
help wondering whether the extensive clearing of forest by 
man in the past few centuries has been in part responsible 
for the establishing of new forms, which can only come by 
growth of new plants from prothalli on cleared ground. 
Little cytological work has been done on this family, but 
it is perhaps significant that among the few plants 
examined, one sent from Singapore to Kew proves to be 
a hybrid. 

Among the ways in which members of the G. linearis 
group have produced variants on the basic branch-pattern 
of repeated forking, one is of especial interest, namely, the 
development of alternate unequal forking (Fig. 4), occur- 
ring in several varieties which differ in other characters, 
so that one must assume independent origin of this branch- 
pattern on different evolutionary lines. The extreme con- 
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FIG. 4. A modification of Fig. 2, 
showing alternate inequality of pairs 
of branches. 


dition of this tendency is to be seen in a species of 
Gleichenia not uncommon at Penang, in which an effec- 
tively pinnate branch-system has been attained (Fig. 5). 
It seems strange that these plants should thus arrive back 
at the pattern of branching from which their ancestors 
departed when they developed the pattern of repeated 
forking. 
It should finally be noted that there is yet another group 
of species of Gleichenia in southern regions (reaching 
Malaya, not much farther north). These have fronds very 
like the primitive type, but with very small divisions of the 
green lamina. They are adapted to poor soils and un- 
favourable climates, and it can be argued that they should 
be regarded as specialised, not primitive. It is notable that 
these species, though they have ultimate branches of the 
primitive type, have also some permanently dormant apices 
on lateral branches, thus showing a third independent 
development of this character. 
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FIG. |. A crevasse-detector developed by the U.S. Army Corps of Engineers for work on the Greenland icecap. It has 
since proved invaluable in Antarctica, particularly on the difficult route between the Little America iceshelf station and the 
Byrd plateau station, The Russians intend to use crevasse-detectors extensively in the forthcoming Antarctic season. 


Big IGY Meeting in Moscow 

The fifth big annual assembly on IGY 
affairs takes place in Moscow this month 
(July 30 to August 9), preceded by a 
three-day meeting of the CSAGI Bureau. 
At least 500 scientists representing almost 
all the sixty-four IGY countries are ex- 
pected at the meeting. 

Besides reports from CSAGI President 
and General Secretary, a full day’s meet- 
ing of the ACIGY on which all national 
committees are represented and which 
concerns itself principally with financial 
matters and questions of general policy, 
there will be a two-day meeting of the 
recently formed Special Committee for 
Antarctic Research (SCAR) and all four- 
teen disciplines into which IGY studies 
are divided will come under review during 
the five days set aside for the delibera- 
tions of the working groups. 

Among the general questions of special 
significance that are likely to be discussed 
are these: the possible continuation of the 
IGY beyond 1958, or at least the con- 
tinuation on a comparable scale and on a 
worldwide co-operative basis of some of 
the studies included in the IGY; the effec- 
tiveness of the World Data Centres where 
all material collected during the eighteen 
months’ programme is to be deposited 
(this should include a consideration of 
how well data is in fact flowing into these 
centres); the problem of reducing the 
scientific results from the mass of data 
being collected as speedily and con- 
veniently as possible; and, linked with the 
last two, the question of publication. 

It is already clear for instance, that the 
period of unusual solar activity that has 


characterised the Year, is likely to con- 
tinue for another twelve months or so. 
What can be done to make the fullest 
possible use of this exceptional oppor- 
tunity? Can the present huge scientific 
effort concerned with  solar-terrestrial 
phenomena be maintained for another 
year? Is the present organisation of this 
work entirely satisfactory or could it be 
further improved and extended? 

A similar situation has already arisen 
over Antarctic studies and the matter has 
been happily resolved by the formation 
of the Special Committee for Antarctic 
Research (SCAR). Agreement has been 
reached among scientists of the countries 
participating in current Antarctic research 
to continue some activity here. 

The reports and discussion of the 
Rocket and Satellite programme will un- 
doubtedly arouse the liveliest interest, 
particularly as the meeting-place of this 
fifth IGY congress in Moscow, and the 
various Russian scientists involved in the 
spectacular Soviet sateliite activities are 
expected to be on hand to describe their 
work and findings. 


No Wintering at Inaccessibility Pole 


When the Russians reach the South Pole 
of Inaccessibility—as they hope to do 
early next Antarctic season (they have 
about 370 miles to go}—they will carry 
out a summer programme of studies and 
then withdraw. They intend to avoid 
keeping a wintering party there. This was 
announced by the Soviet Minister of 
Merchant Marine, Viktor Bakayev, when 
last year’s Soviet Antarctic expedition, the 
second of the current series, arrived back 


in Russia recently. Conditions are con- 
sidered too rigorous for wintering to be 
advisable. A number of automatic instru- 
ments will be left in operation at Soviet- 
skaya (the intermediate station currently 
occupied is being called Sovietskaya 1) 
and the readings are to be telemetered 
out through an automatic radio station. 

The current Soviet Antarctic expedition, 
the third, is making use of experience 
gained by last year’s men which has al- 
ready been assessed and put into effect. 
All land-vehicles, for instance are being 
equipped with crevasse-detectors from 
now on. Another innovation is the intro- 
duction of the Soviet heavy AN-10 turbo- 
prop airliner to Antarctic conditions. 
One is to be at the disposal of the third 
expedition during the coming season. 

The Soviet expedition has brought 
back more than 2000 specimens of 
lichens, mosses, and algae for detailed 
study and comparison in the laboratory. 
Antarctica’s yield of these lesser forms of 
flora and fauna is proving much more 
extensive than had ever before been sup- 
posed. At the recent Antarctic Sym- 
posium held in New Zealand it was 
reported that on a single traverse, con- 
ducted along a triangular course eastward 
of Byrd Station by the Americans last 
season, no less than sixty lichen speci- 
mens were collected, only two of which 
have been previously described. 


Auroral Discoveries 

In an item headed “Synchronised Aurorae™ 
in these Notes, May issue, a couple of sen- 
tences relating to the extension of auroral 
displays southwards in the northern 
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hemisphere gives a wrong impression. 
The passage should read as follows: 


British northern hemisphere observa- 
tions which were coincident in time 
with visual and photographic records 
made at Royal Society Base, Halley 
Bay, Antarctica, during the period 
May-August 1956, indicated that 
aurora borealis was visible at lower 
geomagnetic latitudes than the accom- 
panying aurora australis. Presumably, 
though no British observations are 
available to check this, the reverse 
occurs during the southern summer, 
that is, the aurora penetrates to lower 
geomagnetic latitudes in the southern 
hemisphere during the Antarctic sum- 
mer. A fuller account of this is to be 
found in the auroral report for 1956 
published in Observatory, the organ of 
the Royal Astronomical Society. 


At Least 12 Eclipse Experiments 

Seven teams of American scientists will 
attempt six distinct observations during 
the total eclipse of the Sun visible in the 
South Pacific on October 12. Altogether 
it seems likely that expeditions from four 
countries beside Britain and the U.S. will 
be in the eclipse area this autumn. 

The path of totality (which at its 
broadest is only 150 miles across) sweeps 
from a position north-west of New 
Guinea for about 9000 miles to the coast 
of Chile, near Valparaiso, and contrives 
to miss all the large South Pacific islands 
on the way. Expeditions are conse- 
quently having to install themselves as 
best they may on the scattering of coral 
atolls in the eclipse path. Reading from 
West to‘ East: the British and New 
Zealand expedition will operate on Atafu. 
Transport will be provided by a Sunder- 
land flying-boat, with which they hope to 
land personnel and equipment directly on 
the lagoon of the atoll. The Americans 
will occupy a site on Motu Koe, the most 
southerly of the Danger Islands; the 
elaborate series of observations planned 
by the Japanese will be sited on Suwarrow 
Island, and a Swiss party is to work on 
the mainland, in Chile. The Soviet Union 
is to send an expedition but has not yet 
indicated where. [An account of the 
British eclipse experiment which is to be 
conducted by Dr H. von Kliiber of the 
Cambridge Observatories from Atafu 
appeared in these Notes, March 1957, 
p. 122.) The New Zealand experiment is 
directed to photographing the Sun’s 
corona in polarised light and will use 
apparatus kindly lent for the purpose by 
the Cambridge Observatories. 


Americans to Employ Rockets 


Four of the experiments planned by the 
Americans are ground-based optical 
studies of the Sun’s corona. An ionisa- 
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path can be swept for crevasses in a 





way similar to that for detecting minefields on land. Electrodes are attached to 

a boom extending some distance in front of a snow-vehicle, and the impulses 

transmitted back from the electrodes change significantly when a body of air is 
present under the surface rather than compacted snow or ice. 
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FIG. 3. Progress of Total 
Solar Eclipse. The Moon 
appears to overtake the Sun 
in their passage across the 
sky: (a) the Moon touches 
the edge of the Sun (first con- 
tact); (b) the Moon covers 
the Sun and the corona 
becomes visible (second con- 
tact); (c) the Sun reappears 
(third contact); (@) the Moon 
passes the Sun (fourth 
contact). 


(By courtesy of the \GY Bulletin, 
U.S. National Academy of Sciences) 








tion experiment flown from rockets fired 
at sea is the most unconventional item 
of the U.S. scientists’ programme, but the 
ionosphere will also be observed before, 
during, and after the eclipse by means of 
a land-based vertical-incidence recorder, 
in similar fashion to the Halley Bay 
observations of the eclipse off Antarctica 
last October 23 (Discovery, 1958, vol. 
19, No, 3, p. 120). 

The optical experiments may be viti- 
ated by cloudy weather (available records 
indicate a 40% chance of this in the area 
at the time), but neither rocket-borne nor 
ground-based ionospheric observations 
are affected by overcast conditions. All 
the experiments, save that to be flown 
from the rockets, will be mounted at a 
site on Motu Koe. The rocket experi- 
ment will be launched from the deck of 
the USS Thomaston, a landing ship 
(dock), about 10 miles out to sea from 
the Danger Islands. The Thomaston will, 
in addition, transport the research teams 
and the considerable bulk of delicate 
instruments to the South Pacific, and will 
serve as a floating hotel and warehouse 
during the two months the expedition 
will be at work there (September 1 to 
November 1). Personnel will be ferried 
daily by boat and helicopter from the 
landing ship (dock) to the observation 
site since the atoll is too small to sup- 
port so large an expedition comfortably. 


The Thomaston cannot enter the lagoon, 
and anchorage off the reefs is impractical, 
so that to maintain position the ship must 
steam in the open ocean several miles 
offshore throughout her visit to the area. 

The object of the ionospheric experi- 
ments is to observe ionising sources on 
the Sun and the resulting ionisation of 
the Earth’s atmosphere. Six to eight 
Nike-Asp rockets will be fired through 
the absorbing layers by Naval Research 
Laboratory scientists. Each will be 
instrumented to detect soft x-rays (50 A), 
harder x-rays (8-20 A or 1-7 A), and 
Lyman-Alpha ultra-violet —_—radiation 
(1216 A). Each rocket will be in flight 
for about eight minutes, so that five 
minutes will be spent above the atmo- 
sphere’s absorbing layers. As the most 
interesting data is expected during totality, 
which lasts four minutes, it is planned to 
have two rockets in the air throughout 
this period. These two rockets will be 
launched in quick succession just before 
second contact (see Fig. 3). The other 
rockets will be fired during the partial 
eclipse before and after totality. Between 
first and second contact, and between 
third and fourth, rockets will be launched 
in order to “bracket active coronal 
regions”. The first rocket in each pair 
will measure the solar flux as the occult- 
ing disc of the Moon approaches an 
active coronal spot; the second will be 
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fired after the spot is covered. Tests of 
the rocket system were carried out at the 
Point Mugu range, California, this spring. 

The Central Radio Propagation 
Laboratory is to carry out the land-based 
experiment on ionisation with which the 
rocket findings will be correlated. 


U.S. Optical Work on Eclipse 

A University of Wisconsin research group 
is to make an interferometric study of the 
coronal emission-line profiles and the 
absolute intensities of two lines of the 
coronal spectrum, A 5303 (Fe XIV) and 
d 5694 (Ca XV). The green line, A 5303, 
is the strongest coronal emission; the 
yellow. line, A 5674, is expected to be at 
its brightest at a time of sunspot maxi- 
mum. Most of the equipment used for 
this experiment is that used in research 
at Wisconsin on the structure of atomic 
spectrum lines. 


Shadow-band phenomena will be 
measured in a joint enterprise of the 
California Academy of Science and the 
U.S. Naval Radiological Defence Labora- 
tory, by recording the output of phot- 
ronic cells on a Helland oscillograph 
during the period immediately before 
second contact and immediately after 
third contact. An array of up to ten cells 
spaced at varying distances will be set up 
in order to obtain the direction, speed, 
and wavelength of the shadow bands. It 
is thought that shadow bands are due to 
atmospheric discontinuities, so it is in- 
tended to correlate these motions with 
the velocity and direction of upper-air 
winds, determined meteorologically. 

These two institutions will also co- 
operate in an endeavour to photograph 
the outer corona with light polarised at 
various angles with respect to a radius. 
A camera with a 20-in. focal lens has 
been specially built for this work. 

The Sacramento Peak Observatory and 
the High Altitude Observatory are 
mounting a joint experiment of consider- 
able elaboration. It is directed to photo- 
graphing the “flash spectrum” of the 
chromosphere (the solar region lying 
immediately outside the photosphere). At 
the instant of totality the dark lines of 
the Fraunhofer spectrum appear to 
change suddenly to the bright lines of 
chromospheric emission. The pheno- 
menon occurs twice during the sequence 
of a total eclipse, at second contact and 
at third contact, but while the strongest 
lines may last for 25 seconds, the weakest 
lines can only be observed for 3-4 
seconds at each eclipse. In order to catch 
this fleeting event, a spectrogram must be 
exposed every 0:3 second. The flash 
spectrum, however, yields information on 
the structure and composition of the 
chromosphere which cannot be obtained 
in any other way. 





Special equipment has been prepared 
for this work—basically it is a triple 
spectrograph with ranges in the ultra- 
violet, the infra-red, and the visible light 
regions, but a number of refinements are 
incorporated. The U.S. Air Force is 
sponsoring this experiment. 

Great hopes are entertained of 
October's total eclipse of the Sun. The 
abundance of data on the Sun before and 
after the event, as a result of IGY activi- 
ties and the fact that the eclipse occurs 
at sunspot maximum during the most 
active solar cycle in recorded history, 
gives it a quite unusual interest. 


700 Years of Congealed History 

Three American glaciologists working at 
Byrd Station with a Failing 1500 rig 
succeeded last season in recovering almost 
all of the ice-core from a borehole in the 
ice-cap 1013 ft. deep. Only 2% of the 
entire bore was lost. This is the longest 
ice-core ever obtained and is consider- 
ably longer than those obtained by similar 
methods (developed by the U.S. Snow, 
Ice and Permafrost Establishment) in 
Greenland. As the Antarctic ice-cap is 
more densely packed than that of Green- 
land there is more matter of historical 
interest per given length of an Antarctic 
core than for a Greenland one. It is 
estimated that the thousand feet of core 
obtained near Byrd Station contains 700 
years of historical information—in other 
words, that the bottom layer is formed of 
snow that fell in the 13th century. 

Since the American announcement the 
Russians have claimed that members of 
their expedition have bored down 1217 ft. 
in Antarctica. No indication was given 
of how much of the ice-core was 
recovered. 


“Great Oceanographic Discovery” 

“One of the great oceanographic dis- 
coveries of our time” was made this 
spring in the Pacific by two vessels en- 
gaged in a programme supervised by the 
Scripps Institution of Oceanography, 
California. The mapping of a swift sub- 
surface equatorial current by these ships 
was so described by Dr Roger Revelle, 
the Institution's director, in a_ recent 
announcement. The current was first 
observed in 1952 by Dr Townsend Crom- 
well (who has since been killed in an air 
crash), but it was not then known how 
extensive it was. This year’s expedition 
has been able to locate the current’s 
range, pin down its speed and the depth 
to which it reaches. It is thought that this 
work has been greatly speeded by the 
device known familiarly as the “pinger™ 
which has been developed by Dr J. C. 
Swallow of the National Institute of 
Oceanography at Wormley, Surrey, and 
was described in an article by Dr Swallow 
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in last September's Discovery. It can 
be set to float at any depth and is tracked 
acoustically. 

The current, which it is hoped will be 
called the Cromwell Current, after its late 
discoverer, proves to be as swift-moving as 
the Gulf Stream and nearly as extensive. 
It flows eastwards along the Equator for 
3500 miles from 140° W on a front 250 
miles wide at about 3 knots. It lies about 
100 ft. below the Pacific Ocean’s surface 
and extends down at least to 1000 ft. In 
this region the water moves three times 
as fast as the South Equatorial Current 
above it, and in the opposite direction. 

The ships that have carried out the 
survey of the current are the Scripps 
Institution ship Horizon and the Pacific 
Oceanic Fishery Investigations’ vessel, 
Hugh M. Smith. 


Explorer Il Down 


It is believed by the Smithsonian Astro- 
physical Observatory that the third satel- 
lite successfully launched in the U.S., 
Explorer Ill, entered the Earth’s atmo- 
sphere and disintegrated on the night of 
June 27. Its radio signals became un- 
reliable and finally ceased during the 
latter part of May so that no scientific 
information had been possible from that 
time. Previously American scientists had 
been recovering 80% of the data ob- 
served, a result with which they were 
very well pleased. 

Explorer III's lifetime in orbit was 
almost exactly three months, considerably 
longer than the period originally expected 
when through some error in the flight 


- mechanism it went into a highly elliptical 


orbit. 


Erratum 

We regret the lines in the caption to the 
Extensometer Record which was repro- 
duced on page 298 of our July issue. 
were wrongly arranged. The second and 
third paragraphs should have read: 

Love waves travelling the shortest arc 
io the instrument (10,500 km.) are desig- 
nated G,. Love waves travelling the 
longest arc (29,500 km.) are designated 
G., and Rayleigh waves travelling the 
longest arc are designated R.. The second 
passages of the shortearc waves are 
shown by G, and R,; and of the long- 
arc waves by G, and R,, and subsequent 
passages have correspondingly higher 
subscripts. Time of origin of the earth- 
quake represented by O; P and S show 
the first arrival of compressional and shear 
waves respectively, which have penetrated 
the mantle to considerable depth. 

The Isabella instrument is of the same 
design as the South American extenso- 
meters having two fused-quartz tubes 
each 25 m. long and with a sensitivity 
sufficient to record accurately a strain 
increment of 1/10 in. in 2000 miles. 
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Nuclear Radiation in Food and 
Agriculture 

Edited by W. Ralph Singleton (London, 
D. Van Nostrand Company Inc., 1958, 
xii +379 pp., 64s.) 

This volume is the sixth of the Geneva 
series on the peaceful uses of atomic 
energy. The Geneva Conference of 
August 1955 released an unprecedented 
amount of technical information on 
atomic energy. 

Much of the information was presented 
in such a way as to be highly indigestible 
not only to the general public but even to 
the serious research worker. Accordingly 
the present attempt at simplification is 
based on a selected number of papers pre- 
sented at the Geneva Conference. These 
mostly concern the pure and applied 
aspect of plant sciences, but other matters 
are also considered. Dr Singleton has 
performed the task of selecting the topics 
to be discussed in admirable fashion. All 
workers with plants, whether in the fields 
of physiology, pathology, genetics, cyto- 
logy, horticulture or agriculture will find 
here a highly exciting series of facts and 
often revolutionary ideas placed at their 
disposal, with exceptionally complete 
citations of the original literature. Part I 
of the eight parts of the book concerns the 
use of radio-isotopes in agriculture. For 
the general reader, Chapter II, the Atom 
and the World Food Problem, though 
regrettably ponderous in style, is valuable, 
since it directs attention to important 
aspects of agriculture, forestry and 
fisheries which have been contributed to 
by the new battery of techniques provided 
by atomic energy. It also refers to the 
applications of radio-isotopes in human 
nutrition. The reviewer is glad to learn of 
a deficiency disease called “Kwashiokor’, 
which he confesses is quite new to him, 
though he wishes to put forward his 
opinion that it is by far the ugliest word 
in the English language. 

One obvious way of making crop plants 
more efficient is to breed varieties resistant 
to pests and diseases. By the use of radia- 
tion the mutation rate in plants can be 
accelerated and a greater range of varia- 
bility is thus made available to the plant- 
breeder. Some new disease-resistant types 
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have been produced in some plants, as a 
result of irradiation, though one gets the 
impression of over-optimism on the part 
of some workers. It seems likely that 
resistance to some of the world’s main 
destructive diseases may not be obtained 
by irradiation. 

One sentence is extremely significant 
and important: “Current work has shown 
that radiation will produce new races of 
disease organisms with increased viru- 
lence. By developing these new races 
artificially and under controlled condi- 
tions the breeder may be able to anticipate 
the resistance requirements of his crop 
and to breed adequate resistance prior to 
the appearance of new strains of the 
pathogens in the field.” This notion would 
certainly not apply to the diseases of 
plantation crops, and one might perti- 
nently inquire, how controlled are the 
conditions? If H-bomb tests have already 
induced virulence mutations, they are 
obviously free to spread. 

The reviewer put forward the idea 
(Bateson Lecture, 1955) that radiation of 
crop plants in the experimental gamma 
radiation fields now being set up in several 
localities involved the danger of causing 
mutations not only in the crop plants 
subjected to treatment but also in the 
direction of greater virulence in the bac- 
teria, fungi insects and nematodes present 
in the field. 

The view that radiation causes only the 
appearance of mutations which have 
already occurred in nature is disputed by 
many geneticists, and one hopes that 
plant-breeders will use radiation with 
great caution. S. C. HARLAND 


Industry and Technical Progress: Factors 
Governing the Speed of Application of 
Science 

By C. F. Carter and B. R. Williams 
(Oxford University Press, 1957, 252 pp., 
25s.) 

While it is commonly accepted that no 
country is more dependent on science for 
its economic future than Britain, the pro- 
pitiousness of our industrial climate for 
scientific development is an issue on 
which conflicting but prejudiced opinions 
have hitherto been brought to bear. This 
study, relying primarily for its conclusions 
on the experience of a sample of 152 
companies in the application of science to 
industry, invokes the scientific method 
to answer this vital question. Despite 
eminent auspices and reasonable funds, 
sampling perfection could not be obtained; 
the authors regretfully admit to a “‘con- 
tinuing tendency for stupid and unpro- 
gressive management to be under-repre- 
sented”—a fault to the good, since their 


judicious picture is, if anything, under- 
and not over-painted. 

Of course, some popular prejudices are 
dramatically confirmed, others are equally 
strikingly rebutted. On the credit side we 
learn that Britain is less backward than 
supposed in the application of research, 
that the significance of admittedly serious 
defects in our scientific communications 
system should not be exaggerated, that 
outlay on research, though inadequate, 
compares less unfavourably with that of 
the U.S.A. than is imagined, that sur- 
prisingly restrictive practices do not 
significantly delay scientific innovation, 
that lack of finance is not a serious 
impediment, that the tax system is 
less injurious than assumed, that small 
businesses are not ipso facto tech- 
nically backward. On the debit side, how- 
ever, there is the lamentable shortage of 
scientists, not only of qualified personnel 
but particularly of leaders, and inadequate 
reservoirs for recruitment. We are con- 
fronted by the intractable unbalance be- 
tween industry's need for scientists and 
the unregulated appetite of university arts 
faculties. 

The authors perform their greatest ser- 
vice in conveying an image of desirable 
conditions for the fruitful utilisation of 
science. Science in industry is a con- 
tinuum: it is not merely good basic 
research in a company or good applica- 
tion. It embraces the whole concept of the 
firm and the whole function of manage- 
ment, extending from initial investment 
decisions and development, through pro- 
duction to the marketing and sales side. 
Its influence percolates beyond, to a firm’s 
associates and users. There is reassuring 
evidence of the extent to which many 
firms are meeting the scientific challenge: 
there are grim warnings, too, for those 
who do not. The very sobriety of these 
findings makes them the more worthy of 
heed: for to the extent that industry 
grapples with them, we can as a nation 
solve our economic difficulties. 

D. GINSBURG 
Foundations of Physics 
By R. B. Lindsay and H. Margenau 
(Dover Publications Inc., 1957, 542 pp., 
$2.45) 


This book was first published in 1936 and 
is now reprinted intact. It therefore has 
nothing at all to say about nuclear 
physics. To the possible purchaser this 
may seem a weakness but it is not, because 
the authors’ intention is not merely to 
write another textbook of physics. They 
aim at providing the logical and concep- 
tual basis of physics for scientists inter- 
ested in philosophy, highly intelligent 
laymen with a philosophical bent (and 
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* JUST PUBLISHED * 
AN INTRODUCTION TO 
THE CHEMISTRY OF FATS AND FATTY ACIDS 
by 


F. D. Gunstone, PH.D., A.R.1.C. 
With a Foreword by 
Professor T. P. Hilditch, c.8.£., F.R.S. 
Bridges the gap between the long and advanced but excellent monographs bearing on the subject of the 
chemistry of fats, and the inadequate treatment given in most textbooks of organic chemistry. The book will 
be of value to students, teachers, and the many chemists employed in the industrial applications of this 


branch of chemistry. 
10” x 64” 171 pages Illustrated 32s. net 


GENERAL BIOCHEMISTRY 
by 
Joseph S. Fruton & Sofia Simmonds 


(Yale University) 
A JOHN WILEY BOOK—SECOND EDITION 





The main structure of this well-known work remains unchanged in the new edition, although the text and 
illustrations have been altered extensively to take into account the rapid development of many areas of 
biochemistry during the five years since original publication. 





94” x6” 1090 pages 


Illustrated 144s. net 








37 ESSEX STREET, LONDON, W.C.2 


























Evolution of 
Genetic Systems 
(2nd Edition) 
Cc. D. DARLINGTON 


The first edition of this book became something of a 
classic. It was a forthright claim that che unifying 
principles of biological science were to be found in 
genetical theory. The claim was supported by an im- 
pressive demonstration of the range and power of the 
theoretical structure derived from analysis of the ways 
that organisms provide heredity and variation. This 
second edition has been considerably enlarged. 


2ls. net 
Genetics in the 
Atomic Age 


Cc. AUERBACH 


“Dr. Auerbach’s book is not only—as would be 
expected—scientifically sound and accurate; it is also 
exceptionally concise and lucid, an outstanding example 
of popular writing ona subject on which we ail ought 
to be informed.''—New Statesman and Nation. 
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Big Molecules 


SIR HARRY MELVILLE 
K.C.B., Ph.D., D.Sc., F.R.S. 
Secretary of D.S.IR. 


Popular science at its very best, based on a recent series 
of the famous Royal Institution Christmas Lectures. 
Describes the nature of big molecules and shows how 
knowledge of their structure has enabled chemists to 
design and make big molecules to provide materials for 
specific purposes. Illustrated. 15s. net 


New Chemistry 


A “SCIENTIFIC AMERICAN” BOOK 


Industrial chemistry. An extremely up-to-date sampling 
of current activities and achievements covering new sub- 
jects of great interest, written in readable style, often by 
scientists who have themselves played a leading part in 
the work described. 13s. 6d. net 


G. Bell and Sons, Ltd., Portugal Street, London, W.C.2 
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great powers of concentration!) who are 
interested in physics, and advanced 
physics students who wish to know what 
their study is all about. So the being up 
to date on technology is not really neces- 
sary, though of course discussion of the 
nature of the nucleus and its relation to 
quantum mechanics would help to put the 
book emphatically among the “musts” for 
every library. 

The authors are physicists of high 
academic standing. Robert Bruce Lindsay 
is Dean of the Graduate School and 
Director of the Ultrasonics Laboratory at 
Brown University. Henry Margenau is 
Eugene Higgins Professor of Physics and 
Natural Philosophy at Yale. 

The scope of the book is shown by the 
chapter headings, starting from the first: 
“The Meaning of a Physical Theory” and 
continuing through discussions of space 
and time, the fundamental concepts of 
dynamics, probability, statistics, the 
physics of continua, special and general 
relativity, and quantum mechanics to the 
last chapter: “The Problem of Causality”. 
Searching in the chapter on space and 
time the reader will find the geometry of 
Euclid, Riemann, Poincaré and others, 
discussed. In the massive penultimate 
chapter on quantum mechanics the reader 
is led from Planck’s solution of the radia- 
tion problem, through Bohr and De 
Broglie and-- Heisenberg and the rest. 
Previously, anyone wishing to know what 
quantum mechanics was about would have 
had to search a number of different books 
and essays. Here it is compact in one 
chapter. 

There is a lack of books such as this. 
They must be distinguished from popular 
books from which mathematical analysis 
is omitted and analogies, misleading 
enough, are put in instead. This book was 
never intended to be such a popular book. 
Anyone who wants to know how the 
theoretical physicist thinks will find the 
present authors his patient and painstak- 
ing guides. Cc. L. BOLTZ 


My Path in Science 


(Trans. from Russian by G. H. Hanna). 
By Vladimir P. Filatov (Moscow, Foreign 
Languages Publishing House, 1957, 68 
figs., 183 pp., 3s. 6d.) 
This is a translation of a small book 
written in Russian by V. P. Filatov in 
1955; the author died in the following 
year. In it he summarises, as for the non- 
specialist, what he considers to be the 
most important aspects of his life’s work. 
Among the eight chapters, each of which 
describes a facet of his clinical work, the 
two of greatest interest are those on 
corneal grafting and tissue-therapy. 
Filatov made great contributions to the 
technique of corneal grafting, the dramatic 
operation wherein an opaque cornea is 


replaced by a transparent one so that a 
person rendered blind owing to opacifica- 
tion of this tissue can be made to see. It 
is true that this operation had been 
elaborated by previous workers, but its 
scope was much limited owing to the 
difficulty of obtaining normal corneae. 
Filatov’s great contribution was the 
demonstration that the cornea of a 
cadaver could be used for this purpose, 
providing an excellent graft; this contri- 
bution opened up a new and almost 
unlimited supply of material for grafting 
and transformed the practical value of 
the operation. 

Tissue-therapy was considered by 
Filatov to be his greatest contribution to 
medicine. He found that when a graft 
was taken from the eye of a cadaver and 
inserted into the diseased eye of a living 
person, the cornea of the latter became 
healthier and scarring diminished. From 
this observation he made the generalisa- 
tion that all living tissue, human, animal, 
or vegetable, when isolated from the 
organism and retained under unfavour- 
able but not lethal conditions, undergoes 
biochemical changes with the production 
of “biogenic stimulators” which are 
capable of stimulating vital processes in 
a non-specific manner. It would seem as 
if the tissue strove in these circumstances 
to keep alive and Filatov claimed that 
the biogenic stimulators were capable of 
reacting similarly in diseased tissues 
generally. The nature of these substances 
is unknown. Filatov himself claimed that 
they were able to produce a marked 
therapeutic effect in many diseases which 
were not amenable to the ordinary 
methods of treatment, such as myopic 
degeneration, optic atrophy, or primary 
degeneration of the retina. The method 
has excited much interest throughout the 
world, but the general opinion seems to 
be that most of these claims are invalid. 
The theory, however, is of considerable 
interest and it would be difficult indeed 
to say that it is without foundation. 

S. DUKE-ELDER 


The Physics of Fluids 


(Published by the American Institute of 
Physics in association with the American 
Physical Society, Vol. 1, No. 1, January— 
February 1958) 

The appearance of a new journal devoted 
entirely to fluid dynamics illustrates the 
growing importance of this field of physics 
and of the many apparently diverse topics 
related to it. The Physics of Fluids, 
published by the American Institute of 
Physics, is to appear initially bi-monthly 
but is intended to become a monthly soon, 
and will present original contributions 
dealing with the mechanics and general 
physics of gases, liquids and other fluids, 
as well as some basic aspects bordering 





on geophysics, astrophysics and _bio- 
physics. In many ways it is very similar 
to the Journal of Fluid Mechanics which 
began life in Britain two years ago, and 
it is clear from the eight papers which 
appear in the first issue that the same high 
standards for acceptance apply equally to 
both journals. However, if this first issue 
gives a reliable indication of the pattern 
to be generally followed, it would seem 
that the American journal will emphasise 
theoretical studies even more strongly 
than its British counterpart, and the ex- 
perimenter in fluid dynamics who looks to 
it for early information on new techniques 
and measurements may be somewhat dis- 
appointed. A. SILVERLEAF 


The Measurement of Colour 


By W. D. Wright (London, Hilger and 
Watts Ltd, 1958, ix+263 pp., 52s.) 

This second edition of Prof. Wright's 
book has been virtually rewritten, for 
developments in the field have been ex- 
tensive during the fourteen years since the 
first edition appeared. Although colour 
tends to be neglected by the physics 
student, the subject is, of course, of some 
very considerable technical importance, 
and the comprehensive character of the 
book should find a wide audience. After 
two introductory chapters, the third deals 
briefly with photometry and in more 
detail with trichromatic colorimetry, both 
experimentally and algebraically. Chapter 
4 is devoted to a discussion of the 1931 
C.LE. system of colour measurement, a 
very solid and meaty section. The heavy 
going is relieved by the very attractive 
Chapter 5, devoted to instrumentation 
(that is, colorimeters and spectrophoto- 
meters), a section which is extremely well 
illustrated and is likely to prove very 
useful to the physics student. 

It is probable that most of those who 
buy this (rather expensive) book will do 
so because of the content of the last three 
chapters—6, 7, and 8—for it is in these 
that the author does really show his 
authoritative knowledge of the applica- 
tions of colour. Chapter 6 deals with 
colour spacing, the colour atlas and colour 
discrimination, the section that will inter- 
est physiologist and psychologist. Much 
space is devoted to the Munsell system. 
Chapter 7 is devoted to colour mixing 
applied to three-colour reproductions, 
colour photography, colour printing, and 
colour television. The last chapter is 
devoted to various applications; for 
example, colour in pigments, lighting, 
food, paper, and astronomy. It makes 
fascinating reading. 

It is clear from the contents alone, 
apart from the readability and admirable 
illustrations, that we have here an impor- 
tant and valuable book, of interest to a 
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The United Nations announces the publication in English of the complete 
PROCEEDINGS OF THE SECOND UNITED NATIONS INTERNAT- 
IONAL CONFERENCE ON THE PEACEFUL USES OF ATOMIC 
ENERGY (Geneva, September 1st to 13th 1958) 


More than 2200 papers (double the number presented at the 1955 Conference), covering all aspects of 
the Peaceful Uses of Atomic Energy will be presented at the Conference, in which approximately 70 
countries will participate and discuss their latest achievements, both experimental and practical. The 
main subjects of the Conference are listed below: 


Basic physics 

Basic chemistry 

Biology and medicine 

Use of nuclear energy for purposes other than generation of electricity 
Thermonuclear developments 
Possibility of controlled fusion 
Raw materials 

Production of nuclear materials 
Research and power reactors 
Reactor technology 

Production and uses of isotopes 
Training in nuclear sciences 


The English edition is expected to consist of 34 vclumes (approximately 500 pages each), which will 
become available beginning December 1958; publication is expected to be completed by June 1959. 


A special pre-publication price of £155 (or equivalent in other currencies) for the complete set is now 
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full set will approximate £182. 
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mainly of the papers presented orally at the Conference (approximately 500), the papers submitted in 
the language of the edition, and a selection of other papers. These editions are expected to be in 15 
volumes, and a pre-publication price is available (up to November 30, 1958) of £68 or equivalent in 
other currencies. 
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very wide range of technologies. We 
welcome this new edition of Prof. Wright's 
book. S. TOLANSKY 


Robots by Nigel Calder; Life in the Deep 
by Maurice Burton (Progress of Science 
Series, Phoenix House, 9s. 6d. each) 
These are the first two volumes in a new 
series “written specially for young people 
and exploring the very boundaries of the 
world of scientific knowledge”. 

The publishers have not found it diffi- 
cult to define the age-group. It is for “12 
up”. I think it wise not to have fixed an 
upper limit, for the books will clearly be 
read by adults who have no scientific 
training but who want to know what is 
new. Very few 12-year-olds will find 
these books palatable. I would say 15- 
plus, and then only if our young person is 
interested in science. 

Nigel Calder is the editor of the series. 
I have the impression that he strains too 
hard to achieve ease of presentation. For 
example, he defines “automation” as “a 
word which has been invented to describe 
what the owners of factories are doing 
when they buy expensive machinery to 
make more and more of their work auto- 
matic”. This is dangerous in its misunder- 
standing. Automation is not merely 
high-grade mechanisation. It implies a 
re-thinking of the whole production 
process. 

On the whole, both the writers have 
done good jobs and they have well linked 
up their presentation with the careers that 
are open to science-minded boys and girls. 

M. GOLDSMITH 


Earth’s Company 

By Leslie Reid (London, John Murray, 
1958, xi+22] pp., with 24 half-tone illus- 
trations and 8 figures in the text, 25s.) 
The professional biologist is so often 
occupied with intensive studies of limited 
aspects of his chosen field, that he is apt 
not to see the whole field in the broader 
and less detailed way that it appears to the 
amateur naturalist; the present book illus- 
trates the point well. Written by an 
amateur ecologist, who admires and 
wonders at the beauty of living organisms 
and their intricate and often intimate rela- 
tionships with one another, the book 
ranges over a wide field, nowhere delving 
very deeply, but nevertheless presenting 
a vivid picture of the web of life, of 
its enormous complexities and extra- 
ordinarily intricate pattern. It is neither 
a textbook nor a_ severely scientific 
manual, but a clear, simple account of 
the lives of animals in relation to their 
environment. It deals with such subjects 
as food chains and territory, parasitism 
and commensalism, and life cycles. It 
looks at the changing habitat and the 


changing animal, and finds room for a 
treatment of animal behaviour, move- 
ment and dispersal, and colour and pat- 
tern. Moreover, because plants enter so 
largely into the animal environment, cer- 
tain aspects of botany receive their share 
of attention. 

There are a number of things in the 
book with which a biologist might find 
fault. Salt marsh development is so 
inadequately treated that the reader will 
acquire, at best, a very incomplete picture 
of this clear and interesting example of 
plant succession. Sometimes the author 
appears to use “ecology” as synonymous 
with “habitat” or “environment”. Again, 
his outlook at times must strike the reader 
as decidedly teleological as when, for 
example, he writes, in reference to Mul- 
lerian mimicry “The two or more kinds of 
insect... wear a similar uniform because 
they have found it pays them to do so” or, 
in regard to the winter coat “.. . other fur 
bearing animals assume no special winter 
garb because none is needed”. To many, 
moreover, it will seem that the author has 
tended to over-emphasise the idea of co- 
operation between animals (and plants) 
particularly when it leads to the idea of 
intertidal animals “enlisting the co-opera- 
tion of plants” during periods when they 
are uncovered by water. 

It would, however, be unfair to dwell at 
length on such things. The book covers a 
very wide field and there will be many 
readers, particularly among amateur 
naturalists, and others whose interests are 
not primarily biological, who will read it 
with pleasure and widen their viewpoint 
from the wealth of material which it con- 
tains. Older readers will be reminded of 
the popular writings of the late Prof. 
J. Arthur Thompson and, indeed, there is 
a similarity of theme, although the styles 
of presentation are distinct. In the present 
book the style is clear and forthright and 
it is not surprising that this, together with 
its fascinating theme, has earned it the 
recommendation of the Book Society. 

F. W. JANE 


Through Gates of Splendour 


By Elisabeth Elliot (London, Hodder and 
Stoughton, 1957, 192 pp., 16s.) 

This book describes “the martyrdom of 
five missionaries in the Ecuador jungle” 
and is a first-hand account by the wife of 
one of them, in collaboration with the 
other four widows. Philosophically and 
theologically, it may be easy to pick holes 
in the motives which led these young men 
to give their lives while taking Christianity 
to a savage, man-killing tribe, the Aucas; 
but all criticism is silenced, and every 
sensitive reader must surely be humbled 
before this one-pointed devotion and 
simple faith. 


Empirically and practically, too, the 
plan of campaign to reach this utterly 
unknown tribe was brilliantly conceived 
and executed, so that even in its failure 
it has already revealed something of the 
psychology of the Aucas. An aeroplane 
was skilfully used to drop packages by 
a specially invented method known as 
the “spiralling line”. Nate Saint, the pilot, 
used his aviator’s skill with shrewd cir- 
cumspection. Nobody knows what hap- 
pened after the four missionaries went in 
to land on a river beach and persuaded 
the Aucas to march through the forest 
to this landing-strip. The bodies of the 
American missionaries were found, 
pierced by deadly lances. But their short- 
lived contact has not been the last—for 
more packages and messages have been 
dropped, and the work of trying to reach 
the Aucas continues. An Auca woman 
who has taken refuge from their ven- 
geance is helping the missionary wives to 
compile a vocabulary of the language; 
and in time, surely, we shall know more 
about the Auca way of life and thought. 

If only scientists were half as selfless as 
these young men, what could not human- 
kind accomplish! There is a profound 
sincerity here which is sadly lacking when 
scientists dispute about their discoveries 
and want credit for themselves rather 
than any advance in wisdom. 

I. NICHOLSON 


Brief Notes 


25 Nobel Prizewinners, their Scientific 
Achievements and Their Publications 
(In German) 

(Braunschweig, Friedr. Vieweg & Sohn) 
The award of the Nobel Prize for physics 
to Max Born in 1954 brought the number 
of distinguished scientists whose work is 
published by Vieweg & Sohn to twenty- 
five. In commemoration of this the pub- 
lishers have brought out a slim booklet 
about these scientists. Each one is 
accorded a double page, one side showing 
a photograph, facsimile signature, name, 
dates, and date and subject of the Nobel 
Prize, and the other a brief record of his 
or her career. 

Those included are: Van't Hoff, 
Fischer, Lorentz, Marie Curie, Pawlow, 
Baeyer, J. J. Thompson, Buchner, Ruther- 
ford, Ostwald, Werner, Laue, W. H. 
Bragg, Stark, Nernst, Einstein, Bohr, 
Millikan, Euler-Chelpin, Heisenberg, 
Schrédinger, Hess, Pauli, Staudinger, 
Born. 

Many of these names have become 
well-known lifeless scientific “terms”; this 
booklet brings them back to life and 
connects the discovery that has acquired 
its author’s name to his other work. A list 
of their publications is appended. 








Television During May 

The BBC series, “Five Hundred Million 
Years”, took first place in an admirable 
line-up of TV §cience programmes for 
May. However, ®y the time the fifth 
broadcast in the séries had been reached, 
the programme structure had fallen into 
a pattern which was becoming perhaps 
a little too monotonous. Informative talks 
by three speakers or so were interwoven 
with exhibits of eo selected film 
sequences, and a closing survey; each 
programme had very much the same plan. 
Admittedly, it is not easy to see how this 
sort of approach could have been avoided 
with the specific subject under discussion. 
Nevertheless, the programme pattern had 
undoubtedly become repetitive by this 
stage. This comment refers, of course, 
only to the shape and arrangement and 
not to the actual content, which was 
always compact, with no overlapping. 

In the fifth broadcast, Prof. J. Z. Young 
gave us an invigorating, brief, compara- 
tive analysis of the skeletons of ape and 
man. He was followed by Dr Ushton, 
who illustrated tele-recordings on film 
of primates: bush-baby, monkey, and ape. 
Evidence from fossils, and in particular 
Australopithecus, was the next theme, 
taken up by Dr Napier, after which we 
were returned to Prof. Young, who 
focused attention in an exciting way on 
man’s social sense and its implications. 
Towards the end, a particularly effective 
analogy was brought in, when evolution- 
ary time-scales were vividly illustrated by 
the device of compressing 5 x 10* years 
into one year, and adjusting other periods 
accordingly. 

Both the content and the presentation of 
this broadcast maintained the uniformly 
high quality of its four predecessors. 

The sixth and last programme of the 
series was an unexpected novelty. Under 
the chairmanship of Sir J. Wolfenden (a 
superbly impartial and ideal assessor of 
conflicting views), we had a “brains trust” 
with four “contestants”, all trained bio- 
logists: Prof. J. Z. Young, Sir Julian 
Huxley, Rev. J. S. Habgood, and Dr B. 
Towers. The subject for discussion was 
the formidable one: “Religion, Morals, 
and Ethics in the Light of Evolutionary 
Theory.” It is, of course, a matter of 
history that evolutionary theory has con- 
tinuously precipitated fierce religious con- 
troversy, and it was right and proper that 
this theme should form a conclusion to 


what up to then had been strictly impar- 
tial, factual science. Mark you, scientists 
should tread such ground warily, for 
there is absolutely no reason at all to 
assume that a training in or aptitude for 
science gives one ipso facto authority to 
comment on religious, moral, or ethical 
matters. It is indeed a fatal error to think 
so. I recall a most apt reply I once heard 
from Prof. Andrade when he was asked 
by someone, “What is electricity?” His 
prompt reply was, “I don’t know what it 
is but I can tell you what it does.” Science 
has really very severe limitations and 
should not be expected, as some think, to 
know all the answers. Moreover, one 
must recognise that the ideas and views 
expressed in this discussion were essen- 
tially intensely personal, and certainly not 
intended to represent any group of bio- 
logists as such. 

This “brains-trust” rapidly developed 
into an intense discussion of the ultimate 
meaning of right and wrong. It was all 
intensely stimulating, although it really 
had very little to do with either evolu- 
tionary theory or any other kind of scien- 
tific theory. It was just good humanism, 
and all the better for that, making a fitting 
controversial conclusion to an otherwise 
inevitably matter-of-fact technical course 
in science. 

Undoubtedly, viewed as a whole, this 
series of James McCloy’s was highly suc- 
cessful. True, the last programme came 
just in time to relieve what might have 
dangerously become a monotony in 
pattern, but apart from patterning, the 
content from beginning to end was 
admirable. An intellectual, but not too 
difficult standard was consistently main- 
tained from start to finish. The whole 
scheme was well conceived and formed 
a successful tribute to the memory of 
Darwin. 

Might I suggest to Mr McCloy that as 
this is the centenary of the birth of Max 
Planck, a fitting memorial might be a 
television series on Quantum Theory. I 
fear that this will be technically a more 
formidable proposition than a series on 
evolutionary theory; the concepts are 
perhaps too obscure for popular broad- 
casting, yet it is worthy of a thought, 
since modern physics and all it implies, 
was born in the Quantum Theory. 

With the ending of the inordinately 
long Easter schools’ vacation (long, that 
is, for the parents), school science tele- 


vision broadcasting has been resumed on 
both channels. Curiously enough, for it 
is probably by chance, on both BBC and 
ITA, purely technical subjects have been 
selected rather than pure science proper 
(by no means a drawback, of course). 
ITA have announced a series of eight 
programmes entitled “Easier Living”, pre- 
pared by John Frankau and his scientific 
adviser, both already well experienced in 
the preparation of schools science tele- 
vision broadcasts. Of these, at the time 
of writing, four have already gone out: 
“Our Homes”, “Degree of Comfort”, 
“Day and Night”, and “Spit and Polish”. 
The aim of these has now been crystal- 
lised clearly through detailed formulation, 
the description and analysis of a variety 
of the simpler technologies and amenities 
which applied science (in its very broadest 
sense, since even kitchen tools like a cork- 
screw can be treated as developments in 
applied science) has contributed to our 
ease and comfort of living. The historical 
approach is being followed and in each 
programme the viewer is cleverly guided 
towards very recent important contribu- 
tions made by applied science and tech- 
nology. 

Good border-line programmes like 
these are ideal for the lower school forms, 
although they will not help the sixth- 
former much in his work; but this is in 
no sense a criticism. 

The BBC have been running a school 
series entitled “Science and Life”. Typical 
of this series was the programme, “Stress 
and Strain”, in which Arthur Garratt 
devoted a whole programme of twenty- 
five minutes to discussing ship design and 
the testing of industrial ship-models in a 
large tank, to the accompaniment of a 
film on the subject. The broadcasts were, 
in effect, running commentaries on silent 
films about technical subjects. This 
manner of broadcasting is certainly not 
the best way of exploiting television, but 
at least a live and flexible commentary on 
a silent film is, to my mind, much better 
than a fully mechanised (and immutably 
fixed) pre-prepared sound film. 

The final science broadcast of the 
month was our old friend, “The Sky at 
Night”, given as usual by Patrick Moore. 
The subject was Jupiter and its markings, 
apt indeed, since at the time of writing 
Jupiter is blazing in the heavens. This 
was a lively return to the familiar old high 
standard (which has perhaps spoiled us) 
after the rather lamentable attempt last 
month at a “live” transmission of the 
moon with the television camera at the 
eyepiece of a telescope. This time, wisely, 
only animated diagrams were used. Mr 
Moore certainly has the gift of inspiring 
a lively interest in a subject which can 
only too easily become dull routine. 

S. TOLANSKY 
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FAR AND NEAR 


Science in Parliament: May 1958 

The impact of science and technology in 
our time has been widely brought to bear 
on Parliament's activities. As this does 
not always form the subject of Press 
comment, we intend henceforth to sum- 
marise items of special interest from 
Parliament's deliberations. 

What may be the most far-reaching 
event was the Government's decision, 
revealed in answer to a written question 
(May 21) to set up a high-powered com- 
mittee (Chairman: Sir Claude Gibb, 
K.B.E., D.Sc., F.R.S.; Members: Dr 
Willis Jackson, F.R.S.; Dr R. P. Linstead, 
C.B.E., F.R.S.; Mr A. A. Part, M.B.E.; 
Sir Solly Zuckerman, C.B., F.R.S.; Secre- 
tary: Mr D. Neville Jones) “to inquire 
into the techniques employed by Govern- 
ment Departments, and other bodies 
wholly financed by the Exchequer, for 
the management and control of research 
and development carried out by them or 
on their behalf and to make recom- 
mendations”. 

Meanwhile, the long-awaited new 
pattern in Governmental support for 
aeronautical research, resulting from the 
contraction of military aviation and 
associated State-aided research, which 
indirectly benefited the civil side, was 


announced in a ministerial statement on 
May 13. While the Government expected 
a reorganised industry eventually to bear 
the full costs of research into civil air- 
craft, it proposed as an interim measure 
to assist approved projects. This, the 
Opposition feared, could prove an open- 
ended subsidy to private enterprise. 

Two important references to Russia’s 
status in world science: a written reply 
(May 22) that a Scientific Attaché had 
been appointed to advise H.M. Ambas- 
sador in Moscow: questions on two occa- 
sions on the inadequacy of Russian 
language-study in Britain—only 2% of 
science graduates have even a slight 
knowledge of Russian—and plans for 
remedying this—Russian is now taught at 
sixty secondary schools. 

The cause of scientific education 
prompted the Chancellor of the Ex- 
chequer’s welcome (May 20) to the pro- 
jected Churchill College, Cambridge. He 
was none the less non-committal to 
questions on the eventual prospects of 
State financial backing. Questions were 
also asked during the month about the 
creation or extension of technical colleges 
in places as far apart as Hatfield, Kilmar- 
nock, Northern Rhodesia, and Kenya. In 
contrast, concern was expressed in a 


question (May 6) that in the last two 
years the number of students taking 
“sandwich courses” in technical education 
in Scotland had only risen from 800 to 
1000. Yet apparently there were propor- 
tionately far more students on “sandwich 
courses” in Scotland than in England. 

Britain’s need for an institute for the 
scientific study of criminology was raised 
on the adjournment (yay 7). A Govern- 
ment spokesman congéded the case and 
indicated that consultations with the uni- 
versities Were in progress. 

Finally, a difference of opinion in reply 
to questions about the disposal of sewage. 
Experiments at Rothamsted prompted the 
Ministry of Agriculdgre (May 1) to advo- 
cate its use as “organic manure”, while 
the Ministry of Housing and Local 
Government (May 20) doubted whether 
it was an “economic proposition”. 


New Medical Equipment 


At the First International Hospital Equip- 
ment and Medical Services Exhibition 










Surgeon takinga colour 
film of a cancer in the 
lung. The camera is 
an 8 mm, Camex with 
reflex shutter. A black 
corrugated tube sucks 
cooling air past the 
30 w. bulb in the ex- 
ternal lamp house. 
The endoscope goes 
down the trachea into 
the bronchus. The 
cancer may be seen 
in the inset above. 








AUGUST 1958 DISCOVERY 


Canada’s first atomic power station, NPD 
(Nuclear Power Demonstration) will produce 
20,000 kW. of electricity. The core of-the re- 
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actor is a horizontal, aluminium tank about : 
13 ft. long and about 15 ft, in diameter. 
Through this tank run 132 aluminium tubes CONTROL CONSOLE 
into which are inserted zirconium alloy 
pressure tubes that contain the natural uranium 
HOT HEAVY WATER 


(in the form of uranium oxide) fuel elements 
and the heavy watdr coolant. The latter flows 
over the fuel elements, becomes heated, then 
travels to a heat exchanger (steam generator) 
where the heat is transferred to ordinary 
water to make steam. The steam is fed into 
a conventional steam turbine that drives an 
electricity generator. There are 1188 fuel 
elements or “slugs”, each of which is about 
20 in. long and contains 324 Ib. of uranium 
oxide. The control and shutdown of the 
reactor are accomplished by regulating the 
amount of heavy water, the moderator in the 
reactor tank—there are no moving control or 
shut-off rods of neutron-absorbing material as 
there are in other power reactors. Remotely 
operated fuelling machines, one at each end 
of the reactor, will permit loading and unload- 
ing of fuel elements from both ends. The 
fuelling operation will-be carried out while the 
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reactor is under full power. 


held during May in London, a number 
of interesting new scientific items were 
shown. The Magnetic Broadcasting Com- 
pany Ltd exhibited a miniature radio 
receiver which could be fitted into a 
stethoscope or into a “pillowphone” to 
receive broadcast messages in the hos- 
pital. This principle has wider applica- 
tions and could be used in many other 
connexions. The Multitone Personal Call 
System for staff location, now well known 
and installed in St Thomas’s Hospital, 
was also prominently displayed. From a 
research point of view, perhaps the most 
interesting item was the system of endo- 
scopic photography and cinematography 
distributed in this country by Film Ser- 
vices Ltd, of which the two photographs 
give a clear picture. 


Canada’s First Atomic Power Station 


Construction at the site of Canada’s first 
atomic power station was scheduled to be 
resumed in July, it was announced by 
Atomic Energy of Canada Ltd, Canadian 
Electric Co. Ltd, and The Hydro-Electric 
Power Commission of Ontario, the three 
partners in the project. Known as NPD 
(Nuclear Power Demonstration), the 
plant is intended to produce 20,000 kW. 
of electricity to be fed into Ontario's 
hydro power distribution system when 
the station goes into operation in 1961. 
The NPD station will not provide 
power at a cost competitive with that 
produced by coal-burning power plants. 
It will, however, serve as a pilot plant for 


stations with an output of 150,000 to 
300,000 kW. of electricity. Atomic 
Energy of Canada Ltd recently set up 
a Nuclear Power Plant Division in 
Toronto to produce a preliminary design 
for a 200,000 kW. atomic power station 
known as CANDU (Canadian Deuterium 
Uranium Reactor). 

Work on the NPD site, which is about 
2 miles from Rolphton, Ont., and 150 
miles west-north-west of Ottawa, was 
stopped last year to allow important 
technological advances to be incorporated 
in the design of the station’s reactor. The 
basic system pioneered at Chalk River 
(the use of natural uranium for fuel and 
heavy water for moderator) has not been 
altered in redesigning the station, but a 
different type of vessel to contain the fuel 
and a new method of charging and dis- 
charging the fuel are to be used. 


Errata 


We regret that a printing error has caused 
us to create a ten-year vacuum in the life 
of Dr Archibald Clow (Discovery, 1958, 
vol. 19, No. 6, p. 262). Dr Clow took 
over as Producer of the BBC series 
“Science Survey” in 1947, not in 1957 as 
reported. 

We regret that the caption to the photo- 
graph on page 227 of the June issue is 
incorrect. The photograph shows, in the 
foreground, a model of the Dragapur 
Steel Works near Calcutta. It is being 
built by a consortium of British firms for 
the Indian Government. 
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(COLONIAL OFFICE, Tropical Products 

Institute, London, W.C.1, require a 
PRINCIPAL SCIENTIFIC OFFICER OF SENIOR S.O. 
for work connected with setting up of 
Economic Division dealing with economics 
of raw materials and establishment of new 
industries based on such materials in tropical 
countries. Duties will include inquiries into 
costs of technical processes to assess possi- 
bilities of development on commercial scales; 
market investigations and surveys; compila- 
tion of economic data, etc. May involve 
visits to territories concerned. Quals. B.Sc. 
(Economics), Ist or 2nd Class Hons; Indus- 
try and Trade group of subjects in Part II 
preferred. Some experience market investi- 
gation or research advantageous. Salary 
according to age and experience; P.S.O. 
£1450-£2050, S.S.0. £1190-£1410 (London 
Weighting included). Women’s scales slightly 
lower. Unestablished post on F.S.S.U. 
terms; officer appointed as S.S.0. may, if 
eligible, compete for establishment, with 
Civil Service Superannuation, through Civil 
Service Commission Open Competitions. 
(Age limits broadly 26-31.) Applications in 
writing, to Ministry of Labour and National 
Service, Professional and Executive Register, 
Atlantic House, Farringdon Street, London, 
E.C.4, quoting P.E.1408. Only those selected 
for interview will be informed. 





ABORATORY SUPERINTENDENT re- 
quired by NIGERIA NORTHERN REGION 
Medical Department for tour of 12-24 
months in first instance, either (a) with 





prospect of pensionable employment in 
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salary scale (including inducement addition) 
£750 rising to £1284 a year, or (b) on tem- 
porary terms in salary scale (including in- 
ducement addition) £810 rising to £1386 a 
year plus gratuity at rate £100-£150 a year. 
Commencing salary according to experience. 
Clothing allowance £45. Free passages for 
officer and wife. Assistance towards child- 
ren’s passages and maintenance grant up to 
£288 annually. Liberal leave on full salary. 
Candidates must be A.I.M.L.T. and must be 
experienced in all branches of pathology, 
bacteriology, and biochemistry. Duties in- 
clude management of laboratory staff and 
stores and demonstration of laboratory 
methods. Write to the Crown Agents, 4 
Millbank, London, S.W.1. State age, name 
in block letters, full qualifications and ex- 
perience, and quote M3C/44849/DI. 





ATENT OFFICE: EXAMINERS (men 

and women) for scientific, technical, and 
legal work on Patent applications. Age 
between 21 and 35; extension for regular 
Forces service and Overseas Civil Service. 
Qualifications: normally first- or second- 
class honours degree in physics, chemistfy, 
engineering, metallurgy, or mathematics, 
or equivalent attainment, or professional 
qualification, for example, A.M.LC.E., 
A.M.1.Mech.E., A.M.LE.E.. A.R.LC. Lon- 
don salary (men) £635-£1410; provision for 
starting pay above minimum. Good promo- 
tion praspects. Apply Civil Service Com- 
mission, 30 Old Burlington Street, London, 
W.1, for application form, quoting $128/58 
and stating date of birth. 





(COLONIAL OFFICE, Tropical Products 

Institute, London, W.C.1, requires 
SENIOR SCIENTIFIC OFFICER for Fibres Section 
(concerned with production examination and 
utilisation of animal and vegetable fibres of 
all kinds, particularly those of tropical 
origin). Quals.: B.Sc., Ist or 2nd Hons., pre- 
ferably some experience in textile industry 
or fibre research. Salary (Men) according to 
age and experience, £1190-£1410 (London 
weighting). Women’s pay slightly less. Un- 
established appointment on F.S.S.U. terms 
but opportunities for establishment, if elig- 
ible, through Civil Service Commission Open 
Competitions (age limits broadly 26-31). 
Forms from M.L.N.S., Technical and Scien- 
tific Register (K), 26-28, King Street, 
London, S.W.1, quoting Ref. F.473/8a. 
Closing date August 16th, 1958, 








APPOINTMENTS VACANT 





ILGER & WATTS LIMITED, Scientific 

Instrument Manufacturers, require an 
instrument mechanic to assist in the develop- 
ment of Electro Mechanical equipment. Must 
be able to work on own initiative and make 
up and assemble prototype models. Ex- 
apprentice with O.N.C. or preferably H.N.C. 
(Mechanical) would be suitable. Write 
Personnel Officer, Messrs Hilger & Watts 
Limited, 123 Camberwell Road, S.E.5. 





HILGER & WATTS LIMITED, Scientific 
Instrument Makers, require an electronic 
development engineer to work with valve, 
transistor and relay circuitry and probably 
some photo-electrics. H.N.C. or O.N.C. 
(Electronics) qualification required. Write to 
Personnel Officer, 123 Camberwell Road, 
S.E.5. 





CIENTIFIC PUBLISHERS (London) 


have vacancy for a male assistant on 


editorial planning. Applicants should have 
had previous experience in technical 
journalism or publishing, or have received 
formal training in a branch of science or 
technology. Applicants should apply in 
writing, giving full particulars of training 
and experience to Box No. D1537, Aldridge 
Press Ltd, 27 Chancery Lane, London, 
W.C.2. 





LECTURES AND COURSES 





FARADAY HOUSE 
ELECTRICAL ENGINEERING 
COLLEGE 


A THREE-YEAR COURSE, commencing 
each term, in Electrical Engineering to 
qualify for Associate of Faraday House and 
Graduate of the Institution of Electrical Engi- 
neers, followed by one year’s practical train- 
ing in Industry to qualify for the Diploma of 
Faraday House. For Prospectus apply to 
Department “E”, Faraday House Electrical 
Engineering College, 66 Southampton Row, 
London, W.C.1. 








SURREY EDUCATION COMMITTEE 


Kingston Technical College, 
Fassett Road, Kingston-upon-Thames 
DEPARTMENT OF CHEMISTRY 

BIOLOGY and GEOLOGY 


APPLICATIONS are invited for entry to 
the three-year full-time course in pre- 
paration for the London University 
B.SC. SPECIAL DEGREE IN GEOLOGY 
The course reopens in September 1958. 
Form of application for entry and further 


particulars obtainable from the Principal at 
the above address. 





SOCIETIES 


THE BRITISH 
INTERPLANETARY SOCIETY 


12 Bessborough Gardens, 
London, S.W.1 


MEMBERSHIP and Fellowship is open to 
all interested in space-flight, rocket 
engineering and astronomy. 

Full particulars of membership, together 
with a free copy of the Society's Journal and 
programme of lectures in London and many 
provincial towns, will be sent on request. 








FOR SALE 





2 “OERTLING” MODEL 48 Analytical 

Balances with kinematically arranged 
arrestment bearings at £40 each (approxi- 
mately two-thirds current prices). New and 
unused in original packing cases. COX, 47 





High Street, Edgware, Middlesex. EDG. 
4685 & 3888. 
LOVIBOND MODEL 6 “TINTO- 


METERS” (for soaps, vegetable oils, fats, 
waxes) at £60 each (approximately two- 
thirds current prices). New and unused in 
original packing cases. COX, 47 High Street, 
Edgware, Middlesex. EDG. 4685 & 3888. 





PUBLICATIONS 





THE HUMANIST is the journal of Scien- 
tific Humanism (monthly Is., p.a. 14s.) 
Spec. copy, “Living with Reality”, and 
Bertrand Russell's “Faith of a Rationalist”, 
free. RPA, 40 Drury Lane, W.C.2. 








Maths.; 
LL.B. 





B.Sc. 





POSTAL TUITION 


Wolsey Hall, Oxford (Est. 1894) 
prepares candidates for corre- 
spondence for G.C.E. (Ord. and 
Adv. Levels) of all Examining 
Boards; for London University 
B.Sc., certain subjects at M.Sc. 
B.A., B.Sc.Econ. and 
Also for 
Statistical, and other professional 
examinations. 


Prospectus 
from C. D. Parker, M.A., LL.D., 
Director of Studies, Dept. WM9, 


WOLSEY HALL, OXFORD 


Secretarial, 


GILL Books. 








“BOOKS & CAREERS ” 
ANNOUNCE their CHANGE OF NAME to 


CLAUDE (;] | | Books 


We carry a stock of over 21,000 current and standard 
books, British and American, on all branches of Science 
and Technology. We take subscriptions for any British 
or foreign journal, offer a speedy postal service, and 
quickly obtain any book if not in stock. For a complete 
and efficient book service write, call, or phone Claude 


485, Oxford Street, London, W.1. 
GRO 5664 (5 lines) 


I min. Marble Arch 
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SCIENTIFIC 


NEWPORT 
INSTRUMENTS 


MOBILE 





High Performance 
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air-cooled (to Clarendon Laboratory 
long x 12” wide x 17” high, net 
weight 5} cwt 


Ty pe 
design), 





ELECTROMAGNETS 


Precision Built for basic research 
Type An 
Suitable for use in nuclear resonance and induction measure- 


ments, determination of magnetic susceptibility and microwave 
spectroscopy. 


Magnets available up to 35,000 gauss. Stabilised power-supply 
units available for all types. 


TEACHING MAGNET (Type “C”) 


Designed for instructional purposes, this electromagnet gives 
8000 gauss at | cm separation. Input 150V at 3 amps; 14” pole 
pieces. Also suitable for para-magnetic experiments. 


Write for full specifications and performance curves. 


NEWPORT INSTRUMENTS (Scientific & Mobile) LTD 
NEWPORT PAGNELL - BUCKS : ENGLAND 


TELEPHONE: NEWPORT PAGNELL 40! 2 














Preserve your specimens in solid 
transparent plastic 


Biological specimens 


Ceemar kit—a simple technique for any laboratory worker. 


Trial kit 35s. complete with full instructions. 
Post paid (in the United Kingdom) 


CEEMAR 


Obtainable from the principal laboratory suppliers or direct from 








EMBEDDING 
KIT | 
* 











E. M. CROMWELL & Co. Ltd., Rye St., Bishop's Stortford, Herts. 


insects, small skeletons, fish, etc., embedded 
in a block of Ceemar plastic are completely visible and can be 
handled indefinitely without injury—ideal for both school classes 
and advanced students. You prepare them yourselves using the 
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PRESERVE 


Morane Protection reduces spoilage and 


keeps all kinds of documents and printed DOCUMENTS 
matter preserved against damp, dirt, 
grease, finger markings and damage. NOTICES, 
This simple treatment consists of sealing DRAWINGS 
the material between two sheets of trans- BLUEPRINTS 
parent plastic skin, which operation is 
easily carried out by unskilled labour. AND ALL 
Save time, money and spoilage: send the PRINTED MATTER 
coupon below for complete specifications [i/ Vela aiVhaamy 
and details, or for advice ona particular as 
problem you have. AGAINST DAMP 
ORANE ROT ( IS HYGIENIC DAMAGE DIRT 
M P E TION AND WASHABLE GREASE AND 


Samples and information will be gladly sent and 
heat-sealing di ‘ations arranged 





FINGER MARKING 


Send coupon to 


MORANE PLASTIC 
Co. Ltd. RET LESSE RE es oA TNE Poh eee MRR Re SANS 

21 Woodthorpe Road 
EE SOE PE oo ee ee 


Agents for Scotiond, 


The Mora Company 
289/291, Eldon Street 





Greenock, Renfrew- 
shire. 










































































































































































Stones are kicked, puddles splashed through, trees climbed. 
These are the tests for “ breaking in ” new shoes carried out 
so thoroughly by small boys. For the shoes, “ breaking in ” can be a sole-destroying 
business and an expensive affair for mothers when it’s time for repairs. 
e e But there is hope for soles and mothers, 
Breaking inh and frustration for small boys, 
in the introduction of a remarkable rubber-like plastic. 


Rubber shoe soles, incorporating this plastic, will outlast leather 


three to four times. The plastic is one of I.C.I.’s ‘ Butakon ’ range of butadiene copolymers. 


Another member of the range produces oil-resistant rubber 
for flexible fuel tanks, oil seals and hose-pipes. 
Others enable emulsion paints to be produced in an astonishing variety 
of colours, provide a flexible coating for the protection 
of leather, form the binding agent in non-woven fabrics and 


improve the abrasion resistance of textiles. 


Thus, and in a thousand kindred ways, I.C.I.’s research 


and production are serving the Nation. 





